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The extensive occurrence of soils with high levels of 
exchangeable Na and especially those with acid sola in humid 
subtropical regions has not been widely recognized. This
study was initiated to 1 ) study the physical, chemical and 
mineralogical characteristics, and relationships with 
associated soils toposequences with low, intermediate and 
high levels of exchangeable Na, and 2) to evaluate the 
effectiveness of different strength CaSO^^HgO solutions to 
displace Na from the exchange complex by a sequential 
leaching process.
A total of six soils were included in the study. Total 
soil analysis indicated that Bonn, Groom, and Mollicy soils 
have total Ca, Na, and K contents that decrease in the order 
named. The total Ca, Na, and K contents in the other three 
soils studied decreased in the order Deerford, Gilbert, and 
Gigger. The soil parent materials significantly influenced 
the pattern of distribution and quantity of cations released. 
Soils that contain high level of exchangeable Na have high 
Na concentration in their saturated paste extracts and 
equilibrated soil suspensions. Correlation analysis on Na in 
the saturated soil paste extract(SSPE) and in the equili­
brium soil suspension( ESS) indicate a strong relationship 
(r> .9 )̂ in soils with intermediate and high levels of
xx iv
exchangeable Na. The Na to Ca ratios in the SSPE from Bonn, 
Groom and Mollicy were narrower than those measured in the 
ESS. The opposite was true for the Deerford, Gilbert and 
Gigger soils. With a finite volume of liquid, many of the 
cations displaced, especially Na, from the upper soil sola 
were redistributed into the lower few horizons. The quanti­
ty of cation and depth where readsorption began to occur 
were directly related to the CaSO^’SHgO composition and vo­
lume of the liquid that passed through that particular hori­
zon.
The electrical conductivity(EC) and activity of Na in 
leachates showed a positive linear relationship to Ca
activity in the leaching solutions in each horizon and soil. 
The amount of Na displaced increased linearly with strength 
of Ca in the leaching solutions introduced.
xxv
I NTRODUCTI ON
S a l t  a f f e c t e d  s o i l s  a r e  r e c o g n i z e d  by  o n e ,  o r  b o t h  o f  
t w o  d i s t i n c t i v e  f e a t u r e s .  T h e y  e i t h e r  c o n t a i n  h i g h  c o n c e n ­
t r a t i o n s  o f  s o l u b l e  s a l t s  o r  l a r g e  q u a n t i t i e s  o f  e x c h a n g e ­
a b l e  N a ,  o r  b o t h .  T h e r e  a r e  l a r g e  a c r e a g e s  o f  s o i l s  i n  s o me  
p a r i s h e s  i n  L o u i s i a n a  t h a t  c o n t a i n  h i g h  l e v e l s  o f  e x c h a n g e ­
a b l e  Na a t  s o m e  d e p t h  w i t h i n  t h e  s o l u m .  A c t u a l l y ,  20  p e r ­
c e n t  o r  m o r e  o f  t h e  s o i l  a r e a  i n  s o m e  p a r i s h e s  may  b e  s o  
a f f e c t e d .  A r e c e n t  s u r v e y  i n d i c a t e s  a  g e n u i n e  c o n c e r n  a m o n g  
t h e  f a r m i n g  c o m m u n i t y  a b o u t  t h e  r e d u c t i o n  o f  c r o p  y i e l d  t h a t  
may  r e s u l t  f r o m  o n e  o r  m o r e  d e t r i m e n t a l  e f f e c t s  a s s o c i a t e d  
w i t h  l a r g e  q u a n t i t i e s  o f  Na i n  s o i l s .  T h e  u n u s u a l  o c c u r ­
r e n c e  o f  t h e s e  s o i l s  i n  w h a t  a p p e a r  t o  b e  r e l a t i v e l y  p e r m e ­
a b l e  p a r e n t  m a t e r i a l s  t h a t  a r e  p o s s i b l y  a s  mu c h  a s  2 0 , 0 0 0  
y e a r s  o l d  a n d  i n  a  h u m i d  s u b t r o p i c a l  s e t t i n g  s u c h  a s  t h a t  i n  
F r a n k l i n  a n d  M o r e h o u s e  p a r i s h e s  i n  L o u i s i a n a ,  h a s  e s c a p e d
ma n y  r e s e a r c h e r s  a t t e n t i o n .
I n  a l m o s t  a l l  y e a r s ,  c r o p s  g r o w n  o n  t h e s e  s o i l s  p r o d u c e  
l o w e r  y i e l d s  t h a n  t h o s e  g r o w n  o n  a s s o c i a t e d  s o i l s  t h a t  do  
n o t  h a v e  h i g h  e x c h a n g e a b l e  Na l e v e l s .  A p p a r e n t l y ,  t h i s  i s
t h e  d i r e c t  e f f e c t  o f  e x c e s s i v e  q u a n t i t i e s  o f  e x c h a n g e a b l e  Na 
w i t h i n  t h e  n o r m a l  r o o t i n g  z o n e  o f  t h e  c r o p .
T h e s e  s o i l s  i n v a r i a b l y  h a v e  m e d i u m  t e x t u r e d  s u r f a c e
h o r i z o n s  a n d ,  w i t h  f e w  e x c e p t i o n s ,  o c c u p y  l e v e l  o r  g e n t l y
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s l o p i n g  l a n d s c a p e s .  F o u r  m a j o r  p r o f i l e  c h a r a c t e r i s t i c s  o f  
t h e  s o i l s  a r e :  F i r s t ,  t h e  h i g h  l e v e l s  o f  Na  a r e  t y p i c a l l y  i n  
t h e  s u b s o i l  h o r i z o n s .  S e c o n d ,  t h e  d e p t h  f r o m  t h e  s u r f a c e  t o  
t h e  t o p  o f  t h e  u p p e r m o s t  h o r i z o n  w h i c h  h a s  a  h i g h  l e v e l  o f  
e x c h a n g e a b l e  Na i s  q u i t e  v a r i a b l e .  I n  s o m e ,  t h e  h i g h  Na 
l e v e l s  a r e  b e l o w  a  d e p t h  o f  2 5 - 5 0  cm w h i l e  i n  o t h e r s  a  d e p t h  
o f  6 0 - 7 5  cm b e l o w  t h e  s u r f a c e  i s  m o r e  c o m m o n .  T y p i c a l l y ,  
t h e  s h a l l o w e r  t h e  d e p t h  t o  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na 
t h e  m o r e  s e v e r e  a r e  t h e  u n d e s i r a b l e  e f f e c t s .  T h i r d ,  s o i l s  
t h a t  h a v e  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na i n  t h e  u p p e r  
h o r i z o n s  c h a r a c t e r i s t i c a l l y  a l s o  c o n t a i n  l a r g e  q u a n t i t i e s  o f  
Na i n  t h e  l o w e r  p a r t  o f  t h e  s o l u m .  F i n a l l y ,  s o i l  r e a c t i o n  
( p H )  a l o n e  i s  n o t  a  r e l i a b l e  i n d i c a t o r  o f  t h e  p r e s e n c e  o f  
l a r g e  a m o u n t s  o f  e x c h a n g e a b l e  N a .  H o r i z o n s  i n  s o m e  s o i l s  
may be  q u i t e  a c i d  ( p H < 5 . 0 )  y e t  c o n t a i n  a p p r e c i a b l e  a m o u n t s  
o f  e x c h a n g e a b l e  N a .
I n  a d d i t i o n ,  m o s t  o f  t h e s e  s o i l s  l a c k  e i t h e r  t h e  
c o l u m n a r  s t r u c t u r e  o r  t h e  d i s p e r s e d  s t r u c t u r e l e s s  c o n d i t i o n  
c o m m o n l y  a s s o c i a t e d  w i t h  s o i l s  c o n t a i n i n g  h i g h  l e v e l s  o f  
e x c h a n g e a b l e  Na i n  ma n y  r e g i o n s .  A u n i q u e  f e a t u r e  o f  s o m e  
o f  t h e s e  s o i l s  i s  t h e  p r e s e n c e  o f  p o t e n t i a l l y  p h y t o t o x i c  
l e v e l s  o f  e x c h a n g e a b l e  A1 i n  s o m e  u p p e r  h o r i z o n s  a n d  
p o t e n t i a l l y  p h y t o t o x i c  l e v e l s  o f  e x c h a n g e a b l e  Na i n  l o w e r  
h o r i z o n s .  I n  f a c t ,  p o t e n t i a l l y  p h y t o t o x i c  l e v e l s  o f  
e x c h a n g e a b l e  A1 a n d  Na may  b o t h  b e  p r e s e n t  i n  t h e  s a m e  
h o r i z o n  i n  s o m e  c a s e s .
T h e  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e  o n  t h e s e  s o i l s  i n  
L o u i s i a n a  c o n s i s t s  a l m o s t  e n t i r e l y  o f  d e t a i l e d  s o i l  s u r v e y s  
s h o w i n g  t h e i r  d i s t r i b u t i o n  a n d  e x t e n t ,  f i e l d  d e s c r i p t i o n s  o f  
i n d i v i d u a l  p e d o n s ,  a n d  c h a r a c t e r i z a t i o n  d a t a  on  s o i l s  f r o m  a 
f e w  w i d e l y  s c a t t e r e d  s i t e s .  B e c a u s e  o f  t h i s  l a c k  o f  i n f o r ­
m a t i o n ,  t o g e t h e r  w i t h  t h e  l a r g e  a c r e a g e s ,  w i d e s p r e a d  d i s t r i ­
b u t i o n ,  a n d  k n o w n  v a r i a b i l i t y  i n  c h a r a c t e r i s t i c s ,  s t u d i e s  
a r e  n e e d e d  t o  d e v e l o p  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  s o i l  a n d  
t h e i r  p o t e n t i a l  f o r  a g r i c u l t u r e ®  A r e a s  o f  p a r t i c u l a r  i n t e ­
r e s t  t o  f a r m e r s  i n c l u d e  p o t e n t i a l  r e c l a m a t i o n  p r o c e d u r e s  a n d  
p o s s i b l e  i r r i g a t i o n  a n d  o t h e r  w a t e r  m a n a g e m e n t  t e c h n i q u e s .  
S u c c e s s  i n  t h e s e  a r e a s  r e q u i r e s  a n  u n d e r s t a n d i n g  o f  t h e i r  
p h y s i c a l ,  c h e m i c a l  a n d  m i n e r a l o g i c a l  c h a r a c t e r i s t i c s ,  t h e i r  
r e l a t i o n s h i p  t o  o t h e r  a s s o c i a t e d  s o i l s ,  t h e i r  s e t t i n g  w i t h  
r e s p e c t  t o  g e o m o r p h o l o g y  a n d  p a r e n t  m a t e r i a l ,  a n d  t h e  p o s s i ­
b l e  e f f e c t s  o f  d i f f e r e n t  t r e a t m e n t s  t h a t  m i g h t  b e  u s e d  i n  
t h e  r e c l a m a t i o n  a t t e m p t s .
T h i s  s t u d y  w a s  d e s i g n e d  t o  p r o v i d e  i n f o r m a t i o n  
a p p l i c a b l e  t o  s o m e  o f  t h e s e  q u e s t i o n s .  S i n c e  p r e v i o u s  w o r k  
o f  t h i s  n a t u r e  h a s  n o t  b e e n  d o n e  o n  s o i l s  i n  L o u i s i a n a ,  a 
m a j o r  o b j e c t i v e  w a s  t o  p r o v i d e  i n f o r m a t i o n  f o r
u s e  i n  i d e n t i f i c a t i o n  a n d  d e s i g n  o f  f u t u r e  r e s e a r c h  o n  t h e s e  
s o i l s .
T h i s  r e s e a r c h  w a s  t h e r e f o r e  i n i t i a t e d  t o  d e v e l o p  a 
b e t t e r  u n d e r s t a n d i n g  o f  t h e s e  s o i l s  a n d  t h e i r  r e l a t i o n s h i p  
t o  o t h e r  a s s o c i a t e d  s o i l s  a n d  t o  e v a l u a t e  p o s s i b l e  e f f e c t s  
o f  l e a c h i n g  w i t h  d i f f e r e n t  s o l u t i o n s  i n  a n  e f f o r t  t o  d i s ­
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p l a c e  e x c h a n g e a b l e  N a .  T h e  i n v e s t i g a t i o n  w a s  a l s o  d e s i g n e d  
t o  s t u d y  a s s o c i a t e d  s o i l s  t h a t  o c c u r  i n  t o p o s e q u e n c e s  t h a t  
i n c l u d e  s o i l s  w i t h  n a t r i c  h o r i z o n s ,  s o i l s  w i t h  h i g h  l e v e l s  
o f  e x c h a n g e a b l e  N a ,  b u t  a t  t o o  g r e a t  a  d e p t h  t o  q u a l i f y  f o r  
a  n a t r i c  h o r i z o n ,  a n d  s o i l s  l a c k i n g  h i g h  l e v e l s  o f  e x c h a n g e ­
a b l e  Na t h r o u g h o u t .  S t u d i e s  w e r e  c o n d u c t e d  o n  e a c h  o f  t h r e e  
s o i l s  i n  t w o  d i f f e r e n t  t o p o s e q u e n c e s  t o  ( 1 )  d e t e r m i n e  f i e l d  
m o r p h o l o g y  a n d  s o i l - l a n d s c a p e - p a r e n t  m a t e r i a l  r e l a t i o n s h i p s ,
( 2 )  d e t e r m i n e  p h y s i c a l ,  c h e m i c a l  a n d  m i n e r a l o g i c a l  c h a r a c ­
t e r i s t i c s ,  ( 3 )  e v a l u a t e  t h e  s o i l  i t s e l f  a s  a  p o s s i b l e  s o u r c e  
o f  t h e  h i g h  l e v e l s  o f  e x c h a n g e a b l e  N a ,  ( 4 )  d e t e r m i n e  c h e m i ­
c a l  c h a r a c t e r i s t i c s  o f  s o i l  s o l u t i o n s  o b t a i n e d  by  d i f f e r e n t  
t e c h n i q u e s  a n d  ( 5 )  e v a l u a t e  t h e  p o t e n t i a l  o f  d i f f e r e n t  
l e a c h i n g  s o l u t i o n s  f o r  d i s p l a c i n g  e x c h a n g e a b l e  c a t i o n s  s u c h  
a s  N a ,  A1 a n d  o t h e r s .
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D e f i n i t i o n  a n d  C l a s s i f i c a t i o n
S o i l s  t h a t  c o n t a i n  h i g h  l e v e l s  o f  s o l u b l e  s a l t s  o r  
e x c h a n g e a b l e  N a ,  o r  b o t h ,  a r e  c u s t o m a r i l y  c l a s s i f i e d  a s  s a l t  
a f f e c t e d  s o i l s .  U n f o r t u n a t e l y ,  s u c h  a  c l a s s i f i c a t i o n  s y s t e m  
i s  r a t h e r  b r o a d  a n d  d o e s  n o t  r e v e a l  i m p o r t a n t  d i f f e r e n c e s  
a m o n g  s o i l s .  I n  1 9 2 4 ,  V i l i n s k y  ( c i t e d  b y  J o f f e ,  1 9 3 6 )  
d i v i d e d  t h e s e  s o i l s  i n t o  t w o  g r o u p s .  T h e  ' s t r u c t u r e l e s s  
s o i l s '  a l s o  c a l l e d  " w h i t e  a l k a l i '  s o i l s  by  H i l g a r d  ( 1 9 0 6 )  
c o m p r i s e d  o n e  g r o u p .  T h e  s e c o n d  g r o u p  w a s  c a l l e d  ' s o l o n e t z '  
w h i c h  c o r r e s p o n d e d  t o  H i l g a r d ' s  ( 1 9 0 6 )  ' b l a c k  a l k a l i '  s o i l s .
To  c l a r i f y  t h e  a m b i g u i t y  o f  t h e  t e r m s  u s e d  t o  d e s c r i b e  
t h e s e  s o i l s ,  t h e  U . S .  S o i l  S a l i n i t y  L a b o r a t o r y  S t a f f  i n  
t h e i r  S o i l  S a l i n i t y  H a n d b o o k  N o .  6 0 ,  ( 1 9 5 4 ) ,  s e p a r a t e d  t h e m  
i n t o  t h r e e  g r o u p s :  s a l i n e ,  s a l i n e - a l k a l i  a n d  n o n - s a l i n e -
a l k a l i  s o i l s .  A n o t h e r  c o n v e n i e n t  m e t h o d  f o r  d e f i n i n g  t h e m  
i s  t o  r e f e r  s p e c i f i c a l l y  t o  t h e  t w o  p r i n c i p a l  c a u s e s  o f  t h e  
p r o b l e m s .  T h u s ,  s a l i n e  s o i l s  r e f e r  t o  t h o s e  t h a t  c o n t a i n  
s u f f i c i e n t  s o l u b l e  s a l t s  t o  i m p a i r  t h e i r  p r o d u c t i v i t y .  
L i k e w i s e ,  a l k a l i  s o i l s  a r e  d e f i n e d  i n  t e r m s  o f  p r o d u c t i v i t y  
a s  a f f e c t e d  by  t h e i r  e x c h a n g e a b l e  Na c o n t e n t .  U s i n g  t h e s e  
c r i t e r i a ,  a l k a l i  s o i l s  may o r  may n o t  c o n t a i n  e x c e s s i v e
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s o l u b l e  s a l t s .  T h u s ,  t h e  c l a s s i f i c a t i o n  i s  r a t h e r  v a g u e  
b e c a u s e  t h e  p r o d u c t i v i t y  o f  a  s o i l  t o  a  l a r g e  d e g r e e  d e p e n d s  
u p o n  s e v e r a l  o t h e r  f a c t o r s  s u c h  a s  s o i l  t e x t u r e ,  s a l t  d i s ­
t r i b u t i o n  i n  t h e  p r o f i l e *  t h e  c o m p o s i t i o n  o f  t h e  s a l t s  
p r e s e n t  a n d  t h e  s p e c i e s  o f  p l a n t  g r o w n  i n  t h e  s o i l .  T h e r e ­
f o r e *  i t  i s  e s s e n t i a l  t h a t  m e a s u r e a b l e  v a r i a b l e  i n d i c e s  a r e  
u s e d  t o  s e p a r a t e  s o i l s  w i t h i n  t h e s e  g e n e r a l  c l a s s e s .  S e v ­
e r a l  a r b i t r a r y  l i m i t s  f o r  s a l i n i t y  h a v e  b e e n  p r o p o s e d  i n  
a t t e m p t s  t o  d i s t i n g u i s h  s a l i n e  f r o m  n o n - s a l i n e  s o i l s .  
K e a r n e y  a n d  S c o f i e l d  ( 1 9 3 6 )  s u g g e s t e d  0 . 1  p e r c e n t  s a l t  c o n ­
t e n t  a s  t h e  l o w e r  l i m i t  a t  w h i c h  p l a n t s  b e g i n  t o  b e  a d v e r s e ­
l y  a f f e c t e d .  A c c o r d i n g  t o  S c o f i e l d  ( 1 9 4 7 ) ,  a  s o i l  i s  c o n ­
s i d e r e d  s a l i n e  w h e n  t h e  s o l u t i o n  e x t r a c t  f r o m  a s a t u r a t e d  
s o i l  p a s t e  ( S S P E )  h a s  a n  e l e c t r i c a l  c o n d u c t i v i t y  ( E C )  v a l u e  
o f  4 dSm o r  g r e a t e r .
T h e  s a l i n e  s o i l s  d e f i n e d  by  t h e  U . S .  S o i l s  S a l i n i t y
L a b o r a t o r y  S t a f f  r e f e r s  t o  s o i l s  i n  w h i c h  t h e  c o n d u c t i v i t y
- 1  °
v a l u e  o f  t h e  S S P E i s  m o r e  t h a n  4 dSm a t  25  C a n d  t h e  
e x c h a n g e a b l e  Na p e r c e n t a g e  i s  l e s s  t h a n  1 5 .  N o r m a l l y ,  t h e s e  
s o i l s  h a v e  pH v a l u e s  o f  l e s s  t h a n  8 . 5  ( S o i l  S a l i n i t y  H a n d ­
b o o k  N o .  6 0 ,  1 9 5 4 ) .  T h e y  n o r m a l l y  o c c u p y  a r e a s  i n  t h e  a r i d  
t o  s e m i - a r i d  c l i m a t e  r e g i o n s  w i t h  s o l u b l e  s a l t  a c c u m u l a t i o n s  
i n  t h e  p r o f i l e .  T h e  s a l t  a c c u m u l a t i o n  i s  b e l i e v e d  t o  b e  t h e  
d i r e c t  c o n s e q u e n c e  o f  i n s u f f i c i e n t  m o i s t u r e  t o  l e a c h  e x c e s s  
s a l t s  o u t  o f  t h e  s o i l  p r o f i l e s .  T h e s e  s o i l s  c o r r e s p o n d  t o  
t h e  w h i t e  a l k a l i  s o i l s  o f  H i l g a r d  ( 1 9 0 6 ) ,  a n d  s o l o n c h a k  
s o i l s  o f  t h e  R u s s i a n  s c i e n t i s t s .
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I n  a r i d  r e g i o n s  e v a p o r a t i o n  r a t e s  a r e  u s u a l l y  h i g h ;  
r e s t r i c t e d  l e a c h i n g  a n d  t r a n s p o r t a t i o n  o f  s o l u b l e  s a l t s  c a n  
f u r t h e r  c o n c e n t r a t e  s a l t s  i n  t h e  s o i l s  a n d  i n  s u r f a c e  w a t e r .  
I f  t h e r e  i s  s u f f i c i e n t  l e a c h i n g  i n  t h e  u p p e r  p a r t  o f  t h e  
s o l u m ,  t h e  s o i l  s o l u t i o n  may  b e c o m e  c o n c e n t r a t e d  a n d  c o m ­
p o u n d s  o f  d i v a l e n t  c a t i o n s  p r e c i p i t a t e d ®  U n d e r  t h i s  c o n d i ­
t i o n  Na i o n s  d o m i n a t e  t h e  e x c h a n g e  c o m p l e x  c a u s i n g  d i s p e r ­
s i o n  o f  s o i l  c o l l o i d s  a n d  e v e n t u a l l y  r e s u l t  i n  f o r m a t i o n  o f  
a n  i l l u v i a l  c l a y  h o r i z o n  ( S o i l  S u r v e y  S t a f f , 1 9 7 5 ) .  T h e
d i s p e r s e d  c o l l o i d s  may p a r t i a l l y  p l u g  w a t e r  c h a n n e l s  a n d  
r e d u c e  s o i l  p e r m e a b i l i t y  a n d  f o r m  a  h a r d  c r u s t  o n  t h e  s o i l  
s u r f a c e  u p o n  d r y i n g ®  T h e  s t r e n g t h  o f  t h e s e  s u r f a c e  c r u s t s  
s o m e t i m e s  c a l l e d  ' b i s c u i t - t o p 1 s t r u c t u r e s ,  i s  c l o s e l y  r e ­
l a t e d  t o  t h e  r a t i o  o f  Na t o  Ca  p l u s  Mg i n  t h e  s a l i n e  s o i l s  
( K e l l o g g ,  1 9 3 4 ) ,  f r o m  w h i c h  t h e y  a r e  c o n s i d e r e d  t o  h a v e  
d e v e l o p e d .
T h e  s a l i n e  s o i l s  d i f f e r  f r o m  n o n - s a l i n e  s o i l s  i n  t h e i r  
s o l u b l e  s a l t  c o n t e n t  a n d  p h y s i c a l  c h a r a c t e r i s t i c s .  T h e
c h i e f  a n i o n s  i n  s a l i n e  s o i l s  a r e  C l ,  SO,  a n d ,  i n  s o m e ,  NO9- 3
w i t h  v a r y i n g  a m o u n t s  o f  C a , Na a n d  Mg a s  t h e  m a j o r  c a t i o n s  
p r e s e n t .  A s m a l l  a m o u n t  o f  HCO may b e  p r e s e n t ,  b u t  s o l u ­
b l e  c a r b o n a t e s  a r e  a l m o s t  i n v a r i a b l y  a b s e n t .  T h e s e  s o i l s  
may  a l s o  c o n t a i n  g y p s u m  a n d  l i m e .  T h e r e f o r e ,  a s  s u c h  
s a l i n e  s o i l s  a r e  g e n e r a l l y  f l o c c u l a t e d  d u e  t o  t h e  p r e s e n c e  
o f  e x c e s s  s a l t s  a n d  r e l a t i v e l y  l o w  a m o u n t s  o f  Na s a l t s .
On t h e  o t h e r  h a n d  s a l i n e - a l k a l i  s o i l s  h a v e  SSPE EC
I  Ov a l u e s  o f  g r e a t e r  t h a n  4 dSm a t  2 5  C a n d  e x c h a n g e a b l e  Na
p e r c e n t a g e  g r e a t e r  t h a n  1 5 .  G e n e r a l l y ,  t h e y  a r e  s i m i l a r  i n  
p r o p e r t i e s  a n d  a p p e a r a n c e  t o  s a l i n e  s o i l s  p r o v i d e d  t h e r e  i s  
e x c e s s  s a l t  p r e s e n t .  T h e y  f o r m  a s  a  r e s u l t  o f  a  c o m b i n e d  
p r o c e s s e s  o f  s a l i n i z a t i o n  a n d  a l k a l i z a t i o n . N o r m a l l y ,  t h e  
pH o f  t h e s e  s o i l s  i s  n o t  h i g h e r  t h a n  8 . 5  a n d  t h e y  a r e  f l o c ­
c u l a t e d .  W i t h  s u f f i c i e n t  l e a c h i n g ,  t h e  s o i l  p r o p e r t i e s  may 
c h a n g e  r a t h e r  d r a s t i c a l l y  a n d  t h e y  c a n  b e c o m e  n o n - s a l i n e  
a l k a l i  s o i l s .  When t h e  s a l t  c o n c e n t r a t i o n  i n  t h e  s o i l  
s o l u t i o n  i s  l o w e r e d ,  s o me  o f  t h e  e x c h a n g e a b l e  Na h y d r o l y z e s  
a n d  f o r m s  Na OH.  T h e  NaOH f o r m e d  may b e  c o n v e r t e d  i n t o  Na ^ CO^  
u p o n  e x p o s u r e  t o  CO^  i n  t h e  a i r .  I n  m o s t  i n s t a n c e s  t h e  
s o i l s  b e c o m e  s t r o n g l y  a l k a l i n e  w i t h  pH v a l u e s  g r e a t e r  t h a n  
8 . 5 .  T h e  s o i l  c o l l o i d s  b e c o m e  d i s p e r s e d  a n d  i n v a r i a b l y  r e ­
d u c e  w a t e r  i n f i l t r a t i o n  a n d  p e r m e a b i l i t y  o f  t h e  s o i l .
N o n - s a l i n e - a l k a l i  s o i l s  r e f e r  t o  s o i l s  w h i c h  h a v e  
g r e a t e r  t h a n  15  p e r c e n t  e x c h a n g e a b l e  Na a n d  S S P E EC v a l u e s
o f  l e s s  t h a n  4 d S m - ^ a t  2 5 ° C .  U s u a l l y  t h e  s o i l  pH r a n g e s
b e t w e e n  8 . 5  a n d  1 0 . 0 .  T h e  R u s s i a n  s o i l  s c i e n t i s t s  c a l l e d  
t h e s e  s o i l s  ' s o l o n e t z '  w h i c h  c o r r e s p o n d  t o  H i l g a r d ' s  ( 1 9 0 6 )  
’ b l a c k  a l k a l i ’ s o i l s .  T h e s e  s o i l s  n o r m a l l y  o c c u r  i n  s e m i -  
a r i d  a n d  a r i d  r e g i o n s  a s  s m a l l  i r r e g u l a r  p a t c h e s ,  o f t e n  
r e f e r r e d  t o  a s  ' s l i c k  s p o t s ’ .  T h e  t e r m  ’ b l a c k  a l k a l i ’
a r i s e s  f r o m  t h e  d a r k e n i n g  o f  t h e  s o i l  s u r f a c e  d u e  t o  t h e
a c c u m u l a t i o n  o f  d i s s o l v e d  o r g a n i c  c o m p o u n d s  t r a n s l o c a t e d  t o  
t h e  s u r f a c e  a n d  d e p o s i t e d  by  e v a p o r a t i o n .  L e a c h i n g  o f  s a -  
l i n e - a l k a l i  s o i l s  l e a d s  t o  t h e  f o r m a t i o n  o f  n o n - s a l i n e -
a l k a l i  s o i l s  u n l e s s  g y p s u m  i s  p r e s e n t  e i t h e r  i n  t h e  s o i l s  o r  
i n  i r r i g a t i o n  w a t e r .  I n  many  n o n - s a l i n e  s o i l s ,  t h e  e x ­
c h a n g e a b l e  Na i s  l o w  i n  t h e  u p p e r  p a r t  o f  t h e  s o l u m  b e c a u s e  
t h e  h i g h l y  d i s p e r s e d  a n d  p a r t i a l l y  Na s a t u r a t e d  c l a y  i s  
t r a n s p o r t e d  d o w n w a r d  t h r o u g h  t h e  s o i l  a n d  a c c u m u l a t e s  a t  
l o w e r  d e p t h s  o v e r  t i m e  ( S o i l  S a l i n i t y  H a n d b o o k  No .  6 0 ,  
1 9 5 4 ) .  T h u s ,  t h e  u p p e r  h o r i z o n s  may b e c o m e  a c i d i c  d u e  t o  
s u b s t i t u t i o n  o f  b a s e s  by  H i o n s  a n d  t h e  s o i l  pH may b e  a s  
l o w  a s  6 . 0 .  T h e s e  s o i l s  h a v e  b e e n  r e f e r r e d  t o  by  D e S i g m o n d  
( 1 9 3 8 )  a s  d e g r a d e d  a l k a l i n e  s o i l s .  S e l e c t e d  p r o p e r t i e s  o f  
s a l t  a f f e c t e d  s o i l s  t h u s  f a r  d i s c u s s e d  a r e  g i v e n  i n  T a b l e  1 .
I n  t h e  u p p e r  h o r i z o n s ,  e x c h a n g e a b l e  Mg t e n d s  t o  i n ­
c r e a s e  a n d  r e p l a c e  Na i n  s u b s u r f a c e  h o r i z o n s  h o w e v e r ,  t h e i r  
p h y s i c a l  p r o p e r t i e s  r e s e m b l e  t h o s e  o f  t h e  n o n - s a l i n e  a l k a l i  
s o i l s .  R e l i c  c o l u m n s  may b e  p r e s e n t ,  i n d i c a t i n g  a  f o r m e r  
n a t r i c  h o r i z o n  ( W h i t t i n g ,  1 9 5 9 ) .  I t  i s  i m p o r t a n t  t o  c o n ­
s i d e r  t h e  o c c u r r e n c e  o f  t h e  i n t e r m e d i a t e  s o i l  t y p e s  i n  
s t u d y i n g  t h e  e v o l u t i o n a r y  d e v e l o p m e n t  o f  Na a f f e c t e d  s o i l s  
b e c a u s e  a n  i n f l u x  o f  s o l u b l e  s a l t s  c a n  l e a d  t o  t h e  f o r m a t i o n  
o f  n o n - s a l i n e - a l k a l i  s o i l s  w i t h  s a l i n e  s o i l - l i k e  p r o p e r t i e s  
( K e l l o g , 1 9 3 4 ) .
T h e  U n i t e d  S t a t e s  D e p a r t m e n t  o f  A g r i c u l t u r e  ( USDA)  
H a n d b o o k  N o .  1 8 ,  ( 1 9 5 1 ) ,  c l a s s i f i e s  s a l t  a f f e c t e d  s o i l s  i n t o  
t w o  m a i n  g r o u p s :  s a l i n e  a n d  a l k a l i  s o i l s .  T h e  s y s t e m  a l l o w s  
s u b d i v i s i o n  i n  e a c h  g r o u p  i n d i c a t i n g  t h e  s e v e r i t y  o f  t h e  
p r o b l e m  a c c o r d i n g  t o  t h e  l e v e l s  o f  s a l i n i t y  o r  a l k a l i n i t y .  
F o u r  l e v e l s  o f  s a l i n i t y  c l a s s e s  a r e  r e c o g n i z e d  d e t e r m i n e d  by






















8.5 > 4dSm-1 > 15 Na, Ca & Cl & S0^ HCO^ disper­
Mg sed upon
leaching
Nonsaline 8.5- < 4dSm-1 > 15 Na, Ca & Cl, SO^A OH, C0~ dis-




t h e  p e r c e n t a g e  o f  s o l u b l e  s a l t s  ( o l d e r  m e t h o d )  a n d ,  m o r e  
r e c e n t l y ,  c o n d u c t i v i t y  r e a d i n g  o f  t h e  S S P E .  An EC r e a d i n g  o f  
> 4 d S m” ̂  i s  c o n s i d e r e d  i n d i c a t i v e  o f  a  s a l t  a f f e c t e d  s o i l
a n d  t h e  s e v e r i t y  o f  t h e  p r o b l e m  i n c r e a s e s  a s  t h e  r e a d i n g  
b e c o m e s  h i g h e r .
On t h e  o t h e r  h a n d ,  a l k a l i  g r o u p  s o i l s  may  b e  b o t h  
s a l i n e  a n d  s t r o n g l y  a l k a l i n e  a n d  o t h e r s  may b e  s t r o n g l y  
a l k a l i n e  b u t  n o t  s a l i n e .  B o t h  pH a n d  e x c h a n g e a b l e  Na p e r ­
c e n t  v a l u e s  a r e  n e e d e d  t o  c o r r e c t l y  i d e n t i f y  s a l i n e  s o i l s  
w i t h  h i g h  a l k a l i n i t y  f r o m  a l k a l i  s o i l s  w i t h  l o w  pH b e c a u s e  
s o i l  pH a n d  e x c h a n g e a b l e  Na p e r c e n t  a r e  n o t  a l w a y s  c o r r e ­
l a t e d .  T h e  S o i l  S u r v e y  M a n u a l ,  H a n d b o o k  N o .  1 8 ,  ( 1 9 5 1 ) ,
c a t e g o r i z e s  a l k a l i  s o i l s  a s  t h o s e  t h a t  h a v e  > 15  p e r c e n t
e x c h a n g e a b l e  N a .  T h e  pH v a l u e  i s  n o t  u s e d  a s  a  d e t e r m i n a n t  
f a c t o r  b e c a u s e  a  s t r o n g l y  a l k a l i  s o i l  a s  d e f i n e d  by  e x ­
c h a n g e a b l e  Na p e r c e n t  may  n o t  h a v e  pH a b o v e  8 . 5 .
T h e  S o i l  S u r v e y  S t a f f  ( 1 9 7 5 )  r e c o g n i z e d  Na a f f e c t e d  
s o i l s  a s  t h o s e  t h a t  c o n t a i n  a n a t r i c  s u b s u r f a c e  h o r i z o n .  
T h e  n a t r i c  h o r i z o n  i s  a  s u b s u r f a c e  h o r i z o n  w i t h  t h e  p r o p e r ­
t i e s  o f  a n  a r g i l l i c  h o r i z o n  t h a t  w i t h i n  t h e  u p p e r  4 0  cm h a s :  
e i t h e r  p r i s m a t i c  o r  c o l u m n a r  s t r u c t u r e ,  b u t  r a r e l y  b l o c k y  
s t r u c t u r e  a n d  t o n g u e s  o f  e l u v i a l  m a t e r i a l  e x t e n d i n g  i n t o  t h e  
h o r i z o n ;  o r  h a s  s o d i u m  a d s o r p t i o n  r a t i o  ( S AR )  _> 13 
o r  e x c h a n g a b l e  Na p e r c e n t  > 15 i n  s o m e  s u b h o r i z o n  w i t h i n  4 0  
cm o f  t h e  u p p e r  b o u n d a r y .  T h e  n a t r i c  h o r i z o n  i s  a l s o  r e c o g ­
n i z e d  w i t h  l o w e r  p e r c e n t  Na s a t u r a t i o n  i f  t h e r e  i s  m o r e
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e x c h a n g e a b l e  Mg p l u s  Na t h a n  Ca  p l u s  e x c h a n g e a b l e  a c i d i t y  
( p H 8 . 2 )  p r o v i d e d  t h e  e x c h a n g e a b l e  Na p e r c e n t  i s  > 15 i n
s o m e  h o r i z o n  w i t h i n  t w o  m e t e r s  o f  t h e  s u r f a c e .
C o m p a r i s o n  w i t h  S o i l  S a l i n i t y  H a n d b o o k  N o .  6 0  ( 1 9 5 4 )
s h o w s  t h a t  pH i s  n o t  a  c r i t e r i o n  i n  s o i l  t a x o n o m y  f o r  t h e  
c l a s s i f i c a t i o n  o f  s o i l s  w i t h  n a t r i c  h o r i z o n s  o r  s o i l s  w i t h  
h i g h  s a l i n i t y  l e v e l s  a l t h o u g h  e x c h a n g e a b l e  Na p e r c e n t  a n d  
i n d i r e c t l y ,  EC a r e  u s e d  i n  b o t h  s y s t e m s .  A p p a r e n t l y ,  b o t h  
s a l i n e - a l k a l i  a n d  n o n - s a l i n e - a l k a l i  s o i l  g r o u p s  a s  d e f i n e d  
b y  S o i l  S a l i n i t y  S t a f f  ( 1 9 5 4 )  ma y  i n c l u d e  s o i l s  w i t h  n a t r i c  
h o r i z o n s  d e f i n e d  by  S o i l  S u r v e y  S t a f f  ( 1 9 7 5 ) .
T h e  s a l i c  h o r i z o n  ( S o i l  S u r v e y  S t a f f ,  1 9 7 5 )  on  t h e  
o t h e r  h a n d  i s  d e f i n e d  a s  a  h o r i z o n  t h a t  i s  J> 15 cm t h i c k  a n d  
c o n t a i n s  s e c o n d a r y  e n r i c h m e n t  o f  s a l t s  m o r e  s o l u b l e  t h a n  
g y p s u m ,  w i t h i n  75  cm o f  t h e  s u r f a c e .  I t  s h o u l d  c o n t a i n  a t  
l e a s t  2% s a l t  a n d  t h e  p r o d u c t  o f  t h i c k n e s s  i n  cm a n d  s a l t
p e r c e n t  b y  w e i g h t  i s  _> 6 0 .  S a l i c  h o r i z o n s  a r e  m o s t  c ommon
i n  a r i d  a n d  s e m i - a r i d  r e g i o n s  a n d  s o i l s  w i t h  a s a l i c  h o r i z o n  
w e r e  k n o w n  a s  ' s o l o n c h a k *  i n  t h e  s o i l  c l a s s i f i c a t i o n  s y s t e m  
p u b l i s h e d  i n  1 9 3 8  ( S o i l  S u r v e y  S t a f f ,  1 9 7 5 ) .  T h i s  g r o u p  o f  
s o i l s  i s  e q u i v a l e n t  t o  t h o s e  i n  t h e  s a l i n e  s o i l  c l a s s  d e ­
f i n e d  i n  t h e  S o i l  S a l i n i t y  H a n d b o o k  No .  6 0  ( 1 9 5 4 ) .
G e n e s i s  o f  S a l i n e  a n d  A l k a l i  S o i l s
W e a t h e r i n g  o f  p r i m a r y  r o c k  m i n e r a l s  i s  t h e  p r i n c i p a l  
i n d i r e c t  s o u r c e  o f  n e a r l y  a l l  s o l u b l e  s a l t s .  T h e  s o l u b l e  
s a l t s  t h a t  o c c u r  i n  s o i l s  c o n s i s t  m o s t l y  o f  v a r i o u s  p r o p o r -
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t i o n s  o f  N a ,  Ca a n d  Mg i n  c o m b i n a t i o n  w i t h  C l  a n d  SO^ ( S o i l  
S a l i n i t y  H a n d b o o k  N o .  6 0 ,  1 9 5 4 ) .  D u r i n g  t h e  p r o c e s s  o f
c h e m i c a l  w e a t h e r i n g ,  w h i c h  may  i n v o l v e  h y d r o l y s i s ,  h y d r a ­
t i o n ,  s o l u t i o n ,  o x i d a t i o n  a n d  c a r b o n a t i o n ,  t h e s e  c o n s t i ­
t u e n t s  a r e  g e n e r a l l y  s o l u b i l i z e d  a n d  r e l e a s e d .  T h e r e  a r e  
f e w  i n s t a n c e s  w h e r e  s u f f i c i e n t  s a l t s  h a v e  a c c u m u l a t e d  i n  
p l a c e  f r o m  t h i s  s o u r c e  a l o n e  t o  f o r m  a l k a l i  s o i l s .
C o m m o n l y ,  s a l i n e  s o i l s  o c c u p y  s i t e s  t h a t  h a v e  r e c e i v e d  
s a l t s  f r o m  o t h e r  a r e a s  w h e r e  w a t e r  i s  t h e  p r i n c i p a l  c a r r i e r  
( S o i l  S a l i n i t y  H a n d b o o k  N o .  6 0 ,  1 9 5 4 ) .  A n o t h e r  s o u r c e  o f
s a l t  i n  s a l i n e  s o i l s  i s  t h e  o c e a n  i n  s o i l  a r e a s  w h e r e  t h e  
p a r e n t  m a t e r i a l s  c o n s i s t  o f  u p l i f t e d  m a r i n e  d e p o s i t s  l a i d  
d o wn  d u r i n g  e a r l i e r  g e o l o g i c  p e r i o d s .  I n  s t u d i e s  i n  S o u t h ­
e r n  C a l i f o r n i a ,  N i k i f o r o f f  ( 1 9 3 0 )  f o u n d  t h a t  s a l i n e  s o i l s  
h a d  d e v e l o p e d  i n  s t r a t i f i e d  m a r i n e  d e p o s i t s .  He c o n c l u d e d  
t h a t  i n  m a n y  c a s e s  t h e s e  s o i l s  i n h e r i t e d  t h e i r  p h y s i c a l  
a p p e a r a n c e  d i r e c t l y  f r o m  t h e  m e c h a n i c a l  l a y e r i n g  o f  p a r e n t  
m a t e r i a l s  d u r i n g  d e p o s i t i o n  r a t h e r  t h a n  c l a y  e l u v i a t i o n  a n d  
i l l u v i a t i o n  p r o c e s s e s  d u r i n g  s o i l  f o r m a t i o n .  I n  l o w - l y i n g  
s o i l s  a l o n g  t h e  m a r g i n  o f  s e a c o a s t s ,  t h e  o c e a n  i s  a  l i k e l y  
s o u r c e  o f  s a l t s .  T h e  s a l t s  t h a t  mo v e  i n l a n d  t h r o u g h  t h e  
t r a n s p o r t a t i o n  o f  o c e a n  s p r a y  by  w i n d  h a v e  b e e n  c a l l e d  
c y c l i c  s a l t s  ( T e a k l e ,  1 9 3 7 ) .  M o r e  c o m m o n l y ,  t h e  d i r e c t  
s o u r c e  o f  s a l t s  i s  t h e  s u r f a c e  a n d  g r o u n d  w a t e r  w h i c h  c o n ­
t a i n  d i s s o l v e d  s a l t s ,  a n d  t h e  c o n c e n t r a t i o n  d e p e n d s  u p o n  t h e  
s a l t  c o n t e n t  o f  t h e  s o i l  a n d  g e o l o g i c  m a t e r i a l s  w i t h  w h i c h
t h e  w a t e r  h a s  b e e n  i n  c o n t a c t  ( S o i l  S a l i n i t y  H a n d b o o k  N o .  
6 0 ,  1 9 5 4 ) .  I r r i g a t i o n  w a t e r  i s  t h e  m o s t  p r e v a l e n t  a r t i f i ­
c i a l  s o u r c e  o f  s a l t .  S o d i u m  u s u a l l y  a c c o u n t s  f o r  a  h i g h  
p e r c e n t a g e  o f  t h e  s o l u b l e  s a l t  c a t i o n s  i n  t h e s e  w a t e r s .  
U n d e r  n a t u r a l  c o n d i t i o n s  w a t e r  may  a l s o  a d d  s a l t s  t o  t h e  
s o i l s  w h e n  i t  f l o o d s  l o w - l y i n g  l a n d s  o r  w h e n  t h e  g r o u n d  
w a t e r  r i s e s  c l o s e  t o  t h e  s o i l  s u r f a c e  ( S o i l  S a l i n i t y  H a n d ­
b o o k  No .  6 0 ,  1 9 5 4 ) .  B u r g e s s  ( 1 9 2 8 ) ,  i n  h i s  s t u d i e s  o f
a l k a l i  s o i l s  r e p o r t e d  t h a t  s a l i n e  s o i l s  d e v e l o p e d  f r o m  w a t e r  
s o l u b l e  c o n s t i t u e n t s  o f  d i s i n t e g r a t i n g  v o l c a n i c  i g n e o u s  
r o c k s  w h e r e  p r e c i p i t a t i o n  h a s  b e e n  i n s u f f i c i e n t  t o  l e a c h  o u t  
t h e  s a l t s  a n d  c a r r y  t h e m  a w a y  t h r o u g h  n a t u r a l  d r a i n a g e  
c h a n n e l s .
D e S i g m o n d  ( 1 9 2 4 )  i n  h i s  s t u d i e s  o f  a l k a l i  s o i l s  i n  
H u n g a r y ,  p o i n t e d  o u t  t h a t  t h e y  a r e  n o t  s i m p l y  s o i l s  i n f i l ­
t r a t e d  by  a l k a l i  s a l t s .  I n  f a c t ,  h e  d e s c r i b e d  a l k a l i  s o i l s  
a s  a s p e c i f i c  s o i l  t y p e  o f  t h e  a r i d  c l i m a t e  z o n e .  I n  h i s  
v i e w ,  t h e s e  s o i l s  h a v e  d e v e l o p e d  a s  a r e s u l t  o f  a  p e c u l i a r  
c h e m i c a l  d e c o m p o s i t i o n  o c c u r r i n g  i n  t h e  s o i l s  d e r i v e d  f r o m  
t h e  e f f e c t  o f  a l k a l i  s a l t  s o l u t i o n s  o n  t h e  ' Z e o l i t i c '  a n d  
o r g a n i c  c o m p o u n d s  o f  t h e  s o i l s .  T h e  s o i l s  a r e  t y p i f i e d  by  
t h e  r e p l a c e m e n t  o f  Ca  by  Na b e c a u s e  t h e  s u r f a c e  h o r i z o n s  a r e  
l o w  i n  a c t i v e  C a .  C o n s e q u e n t l y ,  t h e  s o i l  c o l l o i d s  p e r c o l a t e  
d o w n w a r d  a n d  f o r m  a  m o r e  o r  l e s s  i m p e r v i o u s  s u b s o i l  o r  h a r d  
p a n ,  a n  e s s e n t i a l  f a c t o r  i n  t h e  f o r m a t i o n  o f  b l a c k  a l k a l i  
s o i l s .  He a l s o  a t t r i b u t e d  t h e  f o r m a t i o n  o f  a  b l a c k  a l k a ­
l i  s o i l  f r o m  a p r o d u c t i v e  n e u t r a l  s o i l  o f  g o o d  t i l t h  a n d
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texture, to the ifiltration of Na salts and displacement of 
Ca ions in the soil.
Although, irrigated arid region lands are common exam­
ples of areas affected by excess Na salts, there are in­
stances where irrigation is a problem in humid regions even 
though rainfall is sufficient to leach out excess salts. 
One might expect to find saline soils in humid regions where 
the soils have been subjected to sea water in such areas as 
river deltas and other low-lying lands near the sea (Soil 
Salinity Handbook No. 60, 195^)* For example, Brinkman
(1977) observed the occurrence of solonetz soils in Thailand 
rice paddies receiving monsoonal rainfall. Toxic Na levels 
are also found in a number of areas in Louisiana although 
it is characterized by a humid climate (Dyke, 19̂ -1). Sturgis 
and Fieger, (193^) cited by Stromberg and Tisdale (1979), 
studied solonetz soil fromation in Louisiana and found that 
the recurrence of salinization with Na from irrigation water 
and inadequate drainage, led to the fromation of weakly de­
veloped black alkali soils. Brinkman (1977) found a corre­
lation between the distribution of alkali soils in rice pad­
dies and the presence of slowly permeable horizon in those 
soils. Nikiforoff (1930) observed that the distribution of 
alkali soils in the Red River Valley in Southern 
California showed a close relationship to topographic 
conditions. He concluded that the undulating areas of 
Na accumulation had remained when the Glacial Lake 
Agazzi receded across the valley. Rost and
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M a e h l  ( 1 9 4 2 )  a l s o  o b s e r v e d  t h e  o c c u r r e n c e  o f  s o l o n c h a k s  i n  
t h e  a r e a  s t u d i e d  by N i k i f o r o f f  a n d  f o u n d  t h a t  t h e  s o l o n e t z  
s o i l s  w e r e  i n v a r i a b l y  l o c a t e d  a l o n g  t h e  b e t t e r  d r a i n e d  m a r ­
g i n s  o f  d e p r e s s i o n s .  H o w e v e r ,  S m i t h  ( 1 9 3 7 )  i n  h i s  s t u d i e s  
o f  s o i l s  i n  I l l i n o i s ,  f o u n d  t h a t  i n  c e r t a i n  a r e a s  t h e  o c c u r ­
r e n c e  o f  ’ s l i c k  s p o t s ’ h a v e  n o  a p p a r e n t  r e l a t i o n s h i p  t o  t h e  
t o p o g r a p h y .  He a t t r i b u t e d  t h e  a c c u m u l a t i o n  o f  Na i n  t h e  
s o i l  t o  i n t e r r u p t e d  l e a c h i n g  c a u s e d  by  t h e  e x i s t i n g  c l a y  
p a n .  S a l i n e  s o i l s  a l s o  o c c u r  i n  a r e a s  w i t h  h i g h  s a l i n i z a ­
t i o n  p r o c e s s e s  d u e  t o  r e s t r i c t e d  d r a i n a g e  t o g e t h e r  w i t h  a 
h i g h  g r o u n d  w a t e r  t a b l e  o r  l o w  p e r m e a b i l i t y  ( S o i l  S a l i n i t y  
H a n d b o o k  N o .  6 0 ,  1 9 5 4 ) .
I n  o t h e r  a r e a s ,  a l k a l i  s o i l  f o r m a t i o n  h a v e  b e e n  a t t r i ­
b u t e d  t o  p r e v i o u s  i n u n d a t i o n  o f  d e p r e s s i o n a l  a r e a s .  Among 
t h e s e  a r e  t h e  s o l o d i z e d - s o l o n e t z  s o i l s  i n  t h e  ’ S h i e k ’ l a n d s  
o f  H u n g a r y .  S a l i n e  s o i l s  a r e  a l s o  c ommon  i n  a r e a s  w i t h  p o o r  
s u r f a c e  d r a i n a g e  a n d  a n  a b s e n c e  o f  o u t l e t s  t o  p e r m a n e n t  
s t r e a m s .  T h e s e  c o n d i t i o n s  c a u s e  g r o u n d  w a t e r  l e v e l s  t o  r i s e  
i n  l o w l a n d  a r e a s  w h e r e  s a l t - b e a r i n g  w a t e r s  d r a i n  f r o m  t h e  
s u r r o u n d i n g  h i g h e r  l a n d s .  S u c h  c o n d i t i o n s  may c a u s e  t e m p o ­
r a r y  f l o o d i n g  o r  may f o r m  p e r m a n e n t  s a l t y  l a k e s .  T h e  c o n s e ­
q u e n t  u p w a r d  m o v e m e n t  o f  s a l i n e  g r o u n d  w a t e r  by  c a p i l l a r i t y  
o r  e v a p o r a t i o n  o f  s u r f a c e  w a t e r  may r e s u l t  i n  t h e  f o r m a t i o n  
o f  s a l i n e  s o i l s .  I n  a d d i t i o n ,  s o l o n e t z  s o i l s  a r e  a l s o  
c o mmo n  i n  a r e a s  w h e r e  g r o u n d  w a t e r  m o v e m e n t  h a s  e n a b l e d  Na 
a c c u m u l a t i o n .  S m i t h  ( 1 9 3 7 )  a t t r i b u t e d  t h e  f o r m a t i o n  o f  
’ s l i c k  s p o t s '  t o  t h e  r e p e a t e d  t e m p o r a r y  a c c u m u l a t i o n  o f
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d i l u t e  g r o u n d  w a t e r  w i t h  Na d o m i n a n t  o v e r  o t h e r  c a t i o n s .  I n  
T h a i l a n d ,  t h e  s a m e  p r o c e s s e s  h a v e  b e e n  c o n s i d e r e d  r e s p o n s i ­
b l e  f o r  t h e  f o r m a t i o n  o f  b a r r e n  p a t c h e s  on  t h e  m a r g i n s  a n d  
r i s e s  o f  i r r i g a t e d  l o w - l a n d  t e r r a c e s  ( B r i n k m a n  a n d  D i e l e m a n ,
1 9 7 7 ) .  I n  a d d i t i o n ,  S m i t h  ( 1 9 3 7 )  f o u n d  t h a t  t h e  p r e s e n c e  o f  
e i t h e r  i m p e r v i o u s  s o i l  l a y e r s  o r  a  h y d r o s t a t i c  h e a d  o r  a 
c a p i l l a r y  r i s e  f o l l o w e d  by  e v a p o r a t i o n  p r o c e s s e s ,  h e l p e d  i n  
t h e  r e c u r r i n g  c o n t a c t  o f  g r o u n d  w a t e r  w i t h  t h e  a l k a l i z e d  
h o r i z o n . B r i n k m a n  ( 1 9 7 7 )  f o u n d  t h a t  d r y  s e a s o n  f l u c t u a t i o n  
o f  s h a l l o w  w a t e r  t a b l e s  f o l l o w e d  b y  c a p i l l a r y  r i s e ,  l e a d  t o  
t o x i c  l e v e l s  o f  Na a c c u m u l a t i o n  i n  t h o s e  a r e a s .  I n  o t h e r  
s t u d i e s ,  w i n d - b o r n e  o r  c y c l i c  s a l t  h a s  b e e n  c o n s i d e r e d  a n  
i m p o r t a n t  s o u r c e  o f  Na i n  s o i l s  o f  S o u t h  E a s t e r n  A u s t r a l i a .  
D o w n e s  ( 1 9 5 4 )  a n d  A l p e r o u t c h  e t  a l .  ( 1 9 7 2 )  c l a i m e d  t h a t  
airborn s a l t  w a s  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  o l d e r  
s o l o n e t z  s o i l s  i n  t h e  J o r d a n  V a l l e y .  D o w n e s  ( 1 9 5 4 )  f i n d i n g s  
a r e  n o t  i n  a g r e e m e n t  w i t h  A n d e r s o n ' s  ( 1 9 4 1 ) .  A n d e r s o n  
( 1 9 4 1 )  c o n s i d e r e d  t h e  p r o c e s s  o f  a c c u m u l a t i o n  m o r e  i m p o r t a n t  
t h a n  t h e  a m o u n t  o f  s a l t  d e p o s i t i o n  i n  i t s  e f f e c t  on  s o i l  
f o r m a t i o n .  F u r t h e r m o r e ,  h e  c o n c l u d e d  t h a t  a l t h o u g h  m a x i m a l  
s a l t  d e p o s i t i o n  m i g h t  h a v e  o c c u r r e d  a t  t h e  c o a s t  l i n e ,  t h e  
h i g h  r a i n f a l l  i n  t h e  r e g i o n  w o u l d  h a v e  l e a c h e d  o u t  t h e  s a l t s  
a n d  p r e v e n t e d  l a r g e  a c c u m u l a t i o n s  o f  s a l t .
By a p p l y i n g  t h e  c y c l i c  s a l t  a c c u m u l a t i o n  h y p o t h e s i s  a n d  
w i t h  t h e  h e l p  o f  a  r a i n f a l l  m a p ,  D o w n e s  ( 1 9 5 4 )  s u c c e s s f u l l y  
d e l i n e a t e d  s o i l s  i n  A u s t r a l i a  i n t o  f i v e  s a l i n i z a t i o n  z o n e s .
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D o w n e s  ( 1 9 5 4 )  f o u n d  t h a t  s o l o d i c  s o l o d  ( a l k a l i n e )  s o i l s  
p r e d o m i n a t e  i n  z o n e s  w h i c h  a r e  m o r e  a f f e c t e d  by  s a l i n i z a t i o n  
a n d  d e s a l i n i z a t i o n .  On t h e  c o n t r a r y , ,  s o l o n e t z  ( b l a c k  a l k a ­
l i )  s o i l s  d o m i n a t e d  i n  t h e  l e s s  a f f e c t e d  a r e a s .  A l t h o u g h  
t h e r e  e x i s t s  a  g o o d  c o r r e l a t i o n  b e t w e e n  s o i l  g r o u p  d i s t r i b u ­
t i o n s  a n d  D o w n e s ’ s  z o n a l i t y  c o n c e p t s  H a l l s w o r t h  a n d  C o s t i n  
( 1 9 5 2 )  f o u n d  t h a t  m a n y  s o i l s  o f  S o u t h  A u s t r a l i a  d i d  n o t  
u n d e r g o  m o r p h o l o g i c a l  c h a n g e s  a s s o c i a t e d  w i t h  t h e  s a l i n i z a ­
t i o n  p r o c e s s .  A c c o r d i n g  t o  D o w n e s  ( 1 9 5 4 ) ,  t h e s e  e x c e p t i o n s  
r e s u l t e d  f r o m  t h e  f a c t  t h a t  s o i l s  w i t h  h i g h  Ca  s t a t u s  o r  
w i t h  s t r u c t u r e  t h a t  a l l o w e d  s u f f i c i e n t  f r e e  d r a i n a g e ,  p r e ­
v e n t e d  t h e  a c c u m u l a t i o n  o f  s a l t s .  I n  a d d i t i o n ,  K e l l e y  ( 1 9 5 1 )  
f o u n d  t h a t  c l a y  c o m p l e x e s  d o m i n a t e d  w i t h  Na a n d  Ca u n d e r g o  
l i t t l e  m o r p h o l o g i c a l  c h a n g e s  i f  t h e r e  i s  s u f f i c i e n t  C a , 
o t h e r w i s e  t h e  p r o c e s s  o f  s o l o d i z a t i o n  w o u l d  o c c u r .
W h i l e  m a n y  p o s s i b l e  o r i g i n s  o f  s a l i n e  s o i l s  h a v e  b e e n  
p o s t u l a t e d ,  t h e i r  o r i g i n  a c c o r d i n g  t o  B u r g e s s  ( 1 9 2 8 )  i s  
l a r g e l y  d u e  t o :
( 1 )  T h e  d r y i n g  u p  o f  o l d  i n l a n d  s e a s  o r  a r m s  o f  p r e s e n t  
o c e a n s ,  f o r  e x a m p l e  t h e  G r e a t  S a l t  L a k e ,  I m p e r i a l  
V a l l e y ,  G r e a t  V a l l e y  o f  C a l i f o r n i a  a n d  D e a d  S e a  o f  
P a l e s t i n e .
( 2 )  T h e  w a s h i n g  d o w n  o f  s a l t  d e p o s i t s  i n t o  l o w l a n d s  by 
s t r e a m s  a n d  i r r i g a t i o n  s y s t e m s .
( 3 )  T h e  c a p i l l a r y  r i s e  a n d  s u r f a c e  c o n c e n t r a t i o n  o f  s a l t s  
i n  s o i l s  w h e n  o r i g i n a l l y  f o r m e d  o r  c a u s e d  by a n  u n u s u a l ­
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l y  h i g h  w a t e r  t a b l e  c o n d i t i o n  r e s u l t i n g  f r o m  o v e r  
i r r i g a t i o n  o r  c a n a l  s e e p a g e .
T h e  a l k a l i  a c c u m u l a t i o n  i n  s u r f a c e  s o i l s  n o t  o n l y  r e ­
q u i r e s  a r i d  c l i m a t e ,  b u t  a l s o  p e r i o d i c a l  e x c e s s e s  o f  m o i s ­
t u r e  t o  r a i s e  t h e  g r o u n d  w a t e r  t a b l e .
S a l i n e  a n d  A l k a l i  S o i l  F o r m a t i o n  P r o c e s s
S a l i n e  s o i l s  n o r m a l l y  o c c u r  i n  t h e  n a t u r a l  s t a t e  b u t
a l k a l i  s o i l s  h a v e ,  i n  m o s t  i n s t a n c e s ,  d e v e l o p e d  a s  a  by
p r o d u c t  i n d i r e c t l y  f r o m  w h i t e  a l k a l i  s o i l s  ( s o l o n c h a k )  B u r ­
g e s s  ( 1 9 2 8 ) .  T h e  t h e o r y  w a s  s u b s t a n t i a t e d  by  D e S i g m o n d  
( 1 9 2 4 ) .  I n  1 9 2 5 ,  C a t l i n  a n d  V i n s o n  p r o p o s e d  t h a t  b l a c k
a l k a l i  s o i l s  d e v e l o p e d  f r o m  t h e  r e a c t i o n  o f  Na s a l t s  w i t h
C a C O ^  w h e n  t h e  r e s u l t i n g  s o l u b l e  Ca  c o m p o u n d s  a r e  l e a c h e d  
a w a y .  I t  w a s  a l s o  p o s t u l a t e d  t h a t  t h e s e  s o i l s  c o u l d  h a v e  
b e e n  d e v e l o p e d  f r o m  t h e  w e a t h e r i n g  o f  f e l d s p a t h i c  a n d  b a s i c  
r o c k s .  T h e i r  f i n d i n g s  a l s o  s h o w e d  t h a t  l e a c h i n g  o f  s a l i n e  
s o i l s  w i t h  r e l a t i v e l y  p u r e  w a t e r  l e a d  t o  b l a c k  a l k a l i  s o i l s  
f o r m a t i o n .  I n  l e a c h i n g  s t u d i e s  o f  a l k a l i  s o i l  f o r m a t i o n ,  
C a t l i n  a n d  V i n s o n  ( 1 9 2 5 ) ,  f o u n d  t h a t  a n  e x c h a n g e  r e a c t i o n  
t a k e s  p l a c e  a n d  Na f o r m s  s i l i c a t e  c o m p l e x e s  w h e n  t h e  Na s a l t  
s o l u t i o n  i s  b r o u g h t  i n  c o n t a c t  w i t h  s o i l  c o l l o i d s .  T h e  
a m o u n t  o f  Na r e l e a s e d  c o r r e s p o n d e d  t o  t h e  a m o u n t  o f  Ca , Mg 
a n d  K d i s p l a c e d .  As l o n g  a s  t h e  l e a c h i n g  w a t e r  r e m a i n s  
a b o v e  a  c e r t a i n  c o n c e n t r a t i o n  a n d  p e r c o l a t i o n  g o e s  on  r e a d i ­
l y ,  no  a l k a l i  s o i l  w i l l  f o r m .  H o w e v e r ,  w h e n  l e a c h i n g  w a t e r
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i s  p u r e r ,  t h e  N a - s i l i c a t e  c o m p l e x e s  h y d r o l y s e  d u e  t o  r e d u c ­
t i o n  i n  s a l i n i t y  o f  t h e  s y s t e m .  S u b s e q u e n t  c a r b o n a t i o n  
p r o c e s s e s  u l t i m a t e l y  l e a d  t o  a l k a l i  s o i l  f o r m a t i o n .  Un ­
d o u b t e d l y ,  m a n y  i m p e r v i o u s  s o i l s  d e v e l o p e d  a s  a  r e s u l t  o f  
s l o w  p e r c o l a t i o n  d u e  t o  d e f l o c u l a t e d  s o i l s .  T h e i r  f i n d i n g s  
a l s o  s h o w e d  t h a t  s i m i l a r  r e s u l t s  c o u l d  o c c u r  i f  t h e  i r r i g a ­
t i o n  w a t e r  c a r r i e s  v e r y  h i g h  r a t i o s  o f  Na t o  Ca  p l u s  Mg 
s a l t s .
B u r g e s s  ( 1 9 2 8 )  c a r r i e d  o u t  e x h a u s t i v e  s t u d i e s  i n  a n  
a t t e m p t  t o  d i s c o v e r  t h e  s e c r e t  o f  a l k a l i  s o i l  f o r m a t i o n  
p r o c e s s e s .  A c c o r d i n g  t o  h i m  t h e  h y d r a t e d  A l - s i l i c a t e  m i n ­
e r a l s  ( z e o l i t e s )  ( G e d r o i z ,  1 9 1 2 )  a r e  p r e s e n t  i n  a l l  s o i l  
c l a s s e s .  T h e s e  m i n e r a l s  p o s s e s s  b a s e  e x c h a n g e  p r o p e r t i e s  by 
w h i c h  t h e  b a s i c  e l e m e n t s  a r e  e x c h a n g e d  f o r  o t h e r  b a s e s  w h e n  
d i s s o l v e d  s a l t  s o l u t i o n s  l e a c h  o r  p e r c o l a t e  t h r o u g h  i t .  
A c c o r d i n g l y ,  t h e  b a s e s  i n  t h e  z e o l i t e s  w i l l  b e  r e p l a c e d  by 
Na i o n s  a n d  t h e  r e s u l t  i s  N a - z e o l i t e s  w h e n  w h i t e  a l k a l i  s a l t  
( N a C l  a n d  NagSOj ^)  s o l u t i o n s  a r e  l e a c h e d  t h r o u g h  t h e  c l a y  
m i n e r a l s .  F u r t h e r m o r e ,  h e  f o u n d  t h a t  t h e  N a - z e o l i t e s  r e m a i n  
i n  t h e  s o i l  a s  l o n g  a s  t h e r e  i s  c o n t i n u o u s  l e a c h i n g  w i t h  
a l k a l i  w a t e r .  H o w e v e r ,  t h e  N a - z e o l i t e  b e i n g  c h e m i c a l l y  
a c t i v e ,  r e a c t s  w i t h  t h e  w a t e r  t o  f o r m  H - z e o l i t e  a n d  NaOH,  
w h e n  p u r e  w a t e r  i s  l e a c h e d  t h r o u g h  t h e  s o i l .  F u r t h e r  t e s t  
r e s u l t s  s h o w e d  t h a t  a s  l o n g  a s  t h e r e  a r e  d i s s o l v e d  Na s a l t s  
i n  t h e  w a t e r ,  t h e  d e s c r i b e d  r e a c t i o n  c a n n o t  p r o c e e d  s i n c e  
t h e  Na s a l t s  a r e  h i g h l y  d i s s o c i a t e d  i n  a q u e o u s  s o l u t i o n  a n d  
w a t e r  i s  v e r y  s l i g h t l y  i o n i z e d .  C o n s e q u e n t l y ,  t h e  n u m b e r  o f
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Na i o n s  i n  s o l u t i o n  i n  t h e  v i c i n i t y  o f  t h e  z e o l i t e  i s  i n ­
f i n i t e l y  l a r g e  c o m p a r e d  t o  t h e  H i o n s  d e r i v e d  f r o m  w a t e r .  
T h e r e f o r e ,  i n  t h e  a b s e n c e  o f  N a ,  a s  i n  p u r e  i r r i g a t i o n  
w a t e r ,  t h e  s m a l l  n u m b e r  o f  H i o n s  a r e  u n a b l e  t o  r e p l a c e  t h e  
Na p r e s e n t  i n  t h e  z e o l i t e  t o  f o r m  H - z e o l i t e .  F u r t h e r m o r e ,  
H - z e o l i t e  i s  u n s t a b l e  i n  b a s i c  e n v i r o n m e n t s  a n d  i n s t a n ­
t a n e o u s l y  e x c h a n g e s  i t s  H f o r  a n o t h e r  c a t i o n  l i k e  Ca t o  f o r m  
C a - z e o l i t e  a s  o n e  o f  t h e  f i n a l  p r o d u c t s  ( B u r g e s s ,  1 9 2 8 ) .
L i k e w i s e ,  t h e  o t h e r  p r o d u c t  o f  h y d r o l y s i s ,  NaOH,  a l s o  
d o e s  n o t  e x i s t  a s  s u c h  i n  t h e  p r e s e n c e  o f  H^ C O^  f r o m  
c a r b o n a t e  s a l t s .  T h e  NaOH r e a c t s  w i t h  t h e  c a r b o n a t e  s a l t  t o  
f o r m  N a ^ C O ^ ,  a n d  t h e  a m o u n t  o f  N a g C O ^  t h a t  f o r m s  d e p e n d s  t o  
a  g r e a t  e x t e n t  o n  t h e  m o i s t u r e  a n d  t e m p e r a t u r e  c o n d i t i o n s .  
H i l g a r d  a n d  G e d r o i z  ( 1 9 1 2 )  t h e o r i z e d  t h a t  N a ^ C O ^  f o r m s  
m a i n l y  t h r o u g h  e x c h a n g e  o f  C a C O ^  f o r  a d s o r b e d  N a .  G e d r o i z  
b e l i e v e d  t h a t ,  s i n c e  Ca  h a s  a  h i g h e r  a d s o r p t i o n  e n e r g y  t h a n  
Na d e s p i t e  t h e  l o w  s o l u b i l i t y  o f  C a C O ^ ,  t h e  r e a c t i o n  w i l l  
f a v o r  t h e  d i s p l a c e m e n t  o f  Na f r o m  t h e  e x c h a n g e  c o m p l e x .  
G u r b o n o v  ( 1 9 7 6 )  c o n d u c t e d  a  c o n f i r m a t i o n  s t u d y  by  r e a c t i n g  
N a C l  a n d  N a g S O ^  w i t h  Ca CO^  a n d  f o u n d  t h a t  h i s  r e s u l t s  a n d  
t h e o r y  a r e  i n  c o m p l e t e  a g r e e m e n t  w h e r e :
2 N a C l  + C a C O ^  ------ > N a 2 C 0 ^  + C a C l 2 ( 1 )
Na 2 S 0 ^  + CaCO ^   ^ N a 2C 0 ^  + CaSO^j,  ( 2 )
S o i l - N a  + C a C O - ^  > N a 2CO^  + S o i l - C a  ( 3 )
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B a s e d  o n  t h e  l a w  o f  m a s s  a c t i o n ,  t h e s e  t h r e e  r e a c t i o n s  
l e a d  t o  t h e  f o r m a t i o n  o f  N a g C O ^ .  H o w e v e r ,  t h e  k i n e t i c s  a r e  
n o t  k n o w n .  A t  a n y  r a t e ,  h e  w a s  a b l e  t o  d e t e c t  m e a s u r e a b l e  
a m o u n t s  o f  N a 2 C 0 ^ o A l o w e r  a m o u n t  o f  N a g C O ^  w a s  d e t e c t e d  
f r o m  t h e  f i r s t  a n d  s e c o n d  r e a c t i o n s .  T h e  N a g C O ^  b e i n g  a  
s t r o n g  a l k a l i  c o m p l e t e l y  h y d r o l y z e d  i n  a q u e o u s  s o l u t i o n  t o  
f o r m  NaOH w h i c h  a c c o u n t s  f o r  t h e  a l k a l i n i t y  i n  b l a c k  a l k a l i  
s o i l s .  N o r m a l l y ,  N a 2 C 0 ^  d o e s  n o t  e x i s t  i n  a p p r e c i a b l e  
q u a n t i t y  u n t i l  t h e r e  i s  a n  e x c e s s  o f  NaOH o v e r  t h a t  
n e c e s s a r y  t o  r e c o m b i n e  w i t h  c l a y  m i n e r a l s .  T h i s  e x p l a i n s  
why  c a l c a r e o u s  b l a c k  a l k a l i  s o i l s  i n v a r i a b l y  b e c o m e  a l k a l i  
w h e n  l e a c h e d  w i t h  p u r e  w a t e r .  H o w e v e r , t h e  e x t e n t  t o  w h i c h  
N a - c l a y  w i l l  h y d r o l y s e  d e p e n d s  e n t i r e l y  u p o n  t h e  a m o u n t  o f  
i r r i g a t i o n  w a t e r  u s e d .  F u r t h e r  h y d r o l y s i s  o f  t h e  r e m a i n i n g  
N a - c l a y  w i l l  d e p e n d  o n  t h e  r e m o v a l  o f  NaOH a l r e a d y  f o r m e d .  
H o w e v e r ,  N a - c l a y  c a n  b e  h y d r o l y z e d  c o m p l e t e l y  a n d  t h e  Na 
r e p l a c e d  w i t h  Ca  t o  f o r m  C a - c l a y  i f  s u f f i c i e n t  w a t e r  c a n  a n d  
h a s  b e e n  p u t  t h r o u g h  t h e  s o i l .
E v i d e n t l y ,  l e a c h i n g  b l a c k - a l k a l i  f r e e  s o i l s  w i t h  f a i r l y  
p u r e  w a t e r  t o  r e m o v e  n e u t r a l  Na s a l t s  w i l l  i n v a r i a b l y  l e a d  
t o  f o r m a t i o n  o f  b l a c k - a l k a l i  s o i l s ,  a n d  t h e  q u a n t i t y  o f  c l a y  
p r e s e n t  w i l l  d e t e r m i n e  t h e  a m o u n t  o f  b l a c k  a l k a l i  s o i l  t h a t  
f o r m s .
B a s e d  o n  l i t e r a t u r e  r e v i e w e d  i t  i s  e v i d e n t  t h a t  s a l t  
a f f e c t e d  s o i l s  h a v e  f o r m e d  u n d e r  v a r y i n g  c o n d i t i o n s  a n d  i n  
d i f f e r e n t  t y p e s  o f  p a r e n t  m a t e r i a l s .  T h e s e  s o i l s  a l s o  h a v e
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v a r y i n g  d e g r e e s  o f  Na s a t u r a t i o n  a n d  a n u m b e r  o f  d i f f e r e n t  
t y p e s  o f  Na c o m p o u n d s  i n  t h e m ,  N a t r i c  o r  Na a f f e c t e d  s o i l s  
a r e  n o t  f o u n d  e x c l u s i v e l y  i n  a r i d  r e g i o n s .  Ma ny  n a t r i c  
s o i l s  a r e  a l s o  f o u n d  i n  r a t h e r  h u m i d  c l i m a t e  r e g i o n s .  
H o w e v e r ,  t h e  a m o u n t  o f  Na p r e s e n t  a n d  t h e  s e v e r i t y  o f  t h e  
a s s o c i a t e d  p r o b l e m s  a r e  m o r e  p r o n o u n c e d  i n  a r i d  o r  s e m i - a r i d  
r e g i o n s ,  e s p e c i a l l y  w h e r e  p o o r  i r r i g a t i o n  p r a c t i c e s  a r e  
c o m m o n ,
S o d i u m  a n d  S o d i u m  S a l t s  i n  S a l i n e  a n d  A l k a l i  S o i l s
S o d i u m  i s  a  m e m b e r  o f  g r o u p  I A m e t a l s  a n d  h a s  a n  a t o m i c  
w e i g h t  o f  2 3  g / m o l e .  I t  i s  a u n i v a l e n t  a l k a l i  m e t a l  w h i c h  
f o r m s  s o l u b l e  b a s i c  s a l t s ,  A m a j o r i t y  o f  t h e  Na s a l t s  t h a t  
o c c u r  i n  s a l i n e  a n d  a l k a l i  s o i l s  a r e  i n  t h e  f o r m  o f  CO^  , 
HCOy  S 0 ^ »  a n d  C l ,  M o s t  o f  t h e  d e t r i m e n t a l  e f f e c t  t o  p l a n t s  
g r o w n  o n  s o i l s  c o n t a i n i n g  l a r g e  q u a n t i t i e s  o f  s a l t s  c o m e s  
f r o m  t h e  h i g h  s o i l  r e a c t i o n  p r o d u c e d  by  t h e  C0 ^ »  HCO^ a n d  
s m a l l  a m o u n t  o f  OH,
U n d e r  n o r m a l  a t m o s p h e r i c  c o n d i t i o n s ,  t h e  HCO^ s a l t s  
p r e d o m i n a t e  i n  t h e  s y s t e m  a n d  a r e  r e s p o n s i b l e  f o r  t h e  v e r y  
h i g h  s o i l  r e a c t i o n  ( C a C O ^ ,  pH 6 . 8 - 8 . 3  a n d  N a g C O ^ ,  pH > 8 , 3 ) .  
O n l y  u n d e r  e x t r e m e  c o n d i t i o n s  d o  a p p r e c i a b l e  a m o u n t s  o f  CO^ 
s a l t s  a c c u m u l a t e .  T h i s  i s  b e c a u s e  N a 2 C 0 ^  s a l t  i s  c o m p l e t e l y  
h y d r o l y s e d  i n  a q u e o u s  s o l u t i o n  a n d  f o r m s  Na OH.  When t h e  
q u a n t i t y  o f  NaOH i n  t h e  s o i l  i s  g r e a t e r  t h a n  t h a t  n e c e s s a r y  
t o  c o m b i n e  w i t h  e x c h a n g e  s i t e s  o n  t h e  c l a y  m i n e r a l s  t h e  CO^ 
s a l t  may  e x i s t  a s  a  s t a b l e  c o m p o u n d .
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W a t e r  S o l u b l e  a n d  R e s e r v e  S a l t s  i n  S o i l s
V e r y  o f t e n  i r r i g a t e d  d r y l a n d  a r e a s  i n  s e m i - a r i d  r e g i o n s  
a r e  c h a r a c t e r i z e d  by  i n c r e a s i n g  s p r e a d  o f  s a l i n i z e d  s o i l s .  
F r e q u e n t l y ,  t h e  p r o d u c t i v i t y  a n d  g e n e t i c  p r o p e r t i e s  o f  t h e s e  
a r e a s  a r e  d e t e r m i n e d  b y  t h e  a m o u n t  a n d  c o m p o s i t i o n  o f  t h e  
w a t e r  s o l u b l e  s a l t s .  H e n c e ,  a  d e t e r m i n a t i o n  o f  w a t e r  
s o l u b l e  s a l t  r e s e r v e s  i s  a  v e r y  i m p o r t a n t  f a c t o r  f o r  t h e  
u n d e r s t a n d i n g  o f  t h e  g e n e s i s  o f  t h e s e  s o i l s  a n d  m e t h o d s  t o  
r e c l a i m  t h e m .
U s u a l l y ,  t h e  a m o u n t s  o f  s a l t s  a r e  d e t e r m i n e d  f r o m  t h e  
s a t u r a t e d  p a s t e  e x t r a c t  o r  w a t e r  e x t r a c t  u s i n g  1 t o  5 s o i l  
t o  w a t e r  r a t i o  e q u i l i b r a t e d  f o r  a b o u t  3 0  m i n u t e s .  H o w e v e r ,  
w a t e r  e x t r a c t  may n o t  d i s s o l v e  t h e  e n t i r e  b u l k  o f  t h e  s a l t s .  
T h i s  i s  b e c a u s e  t h e r e  i s  a  s p e c i f i c  s o i l  t o  w a t e r  r a t i o  t h a t  
r e s u l t s  i n  t h e  d e v e l o p m e n t  o f  s a l t  e q u i l i b r i u m  r e s t r i c t e d  
t o  t h e  v o l u m e  o f  s o l u t i o n  a n d  a c t i o n  o f  w a t e r  o n  s a l t  a t  
r o o m  t e m p e r a t u r e .  R o m o v a l  o f  s o l u b l e  s a l t s  l i k e  C a C l g  » 
M g C l 2 » N a 2 C 0 ^  a n d  N a C l  i s  o f t e n  a c c o m p l i s h e d  i f  p e r c o l a t i n g  
s o l u t i o n s  a r e  p a s s e d  t h r o u g h  t h e  s o i l .  H o w e v e r ,  s a l t s  l i k e  
N a ^ S O ^  a n d  Na HCO^  w i t h  a  l o w e r  s o l u b i l i t y  t h a n  N a C l  may n o t  
b e  c o m p l e t e l y  r e m o v e d  i n  w a t e r  e x t r a c t s  w h e n  t h e r e  a r e  l a r g e  
a c c u m u l a t i o n s  o f  t h e m  i n  t h e  s o i l s .  F o r  e x a m p l e ,  s a l t s  l i k e  
CaSOzj, ,  C a ( H C 0 ^ ) 2 »  M g ( H C 0 ^ ) 2 ,  Ca CO^  a n d  MgCO-^ h a v e  m i n i m a l
d i s s o l u t i o n  i n  w a t e r  e x t r a c t .
S e l y a k o v  ( 1 9 6 7 )  f o u n d  t h a t  w h e n  t h e r e  i s  a  r e l a t i v e l y  
h i g h  Ca c o n t e n t  i n  t h e  s o i l ,  t h e  Na a n d  Mg i o n  c o n t e n t  i n
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t h e  w a t e r  e x t r a c t  s o l u t i o n  i n c r e a s e s .  He a t t r i b u t e d  t h i s  
i n c r e a s e  t o  t h e  d i s p l a c e m e n t  e f f e c t  o f  t h e  Ca  i o n s .  T h e  
r e s u l t a n t  e f f e c t  b e i n g  t h a t  t h e  s o i l  e x c h a n g e  c o m p l e x  i s  
d o m i n a t e d  by  N a .  G e d r o i z  ( 1 9 5 5 ) ,  c i t e d  by  S e l y a k o v  ( 1 9 6 7 ) ,  
f o u n d  t h a t  t h e  t r a n s f e r  o f  s a l t  f r o m  s o i l  i n t o  w a t e r  e x t r a c t  
i s  g o v e r n e d  by  t h e  s o i l  t o  w a t e r  r a t i o .  T h e  p a s s a g e  o f  
s a l t s  i n t o  w a t e r  e x t r a c t  i s  a l s o  a f f e c t e d  by  t h e  p r e l i m i n a r y  
w e t t i n g  o f  t h e  s o i l  s a m p l e .
T h u s ,  f o r  p u r p o s e s  o f  p r e l i m i n a r y  i d e n t i f i c a t i o n  o f  
p o s s i b l e  s a l t  a f f e c t e d  s o i l s ,  t h e  s a t u r a t e d  s o i l  p a s t e  
e x t r a c t  a n d  s p e c i f i c  s o i l  t o  w a t e r  r a t i o  m e t h o d s  s e e m  t o  b e  
a d e q u a t e .  T h e  e x t e n t  o f  t h e  p r o b l e m  s h o u l d  b e  a s s e s s e d  w i t h  
f u r t h e r  d e t e r m i n a t i o n  o f  t o t a l  s o l u b l e  s a l t s .  S u c c e s s i v e  
d e c a n t a t i o n  o r  c e n t r i f u g a t i o n  m e t h o d s  r e p e a t e d  u n t i l  t h e  C l  
a n d  S O ^  i o n s  h a v e  d i s a p p e a r e d  f r o m  t h e  e x t r a c t ,  a r e  a  g o o d  
a l t e r n a t i v e .  T h e  l i m i t a t i o n  b e i n g  t h a t  i t  i s  m o r e  t i m e  
c o n s u m i n g .
S o d i u m  A b s o r p t i o n  R a t i o  ( S AR )  a n d  S a l t  C o n c e n t r a t i o n  E f f e c t  
o n  S o i l  L e a c h a b i l i t y
T h e  e a r l y  s t u d i e s  o f  s o i l  s a l i n i t y  w e r e  c a r r i e d  o u t  
a l m o s t  e n t i r e l y  i n  a r i d  r e g i o n s  w h e r e  t h e  p r o b l e m s  w e r e  
f i r s t  e n c o u n t e r e d  o n  a  w i d e s p r e a d  b a s i s .  I n  1 9 5 4 ,  t h e  U . S .  
S o i l  S a l i n i t y  L a b o r a t o r y  S t a f f  p u b l i s h e d  a h a n d b o o k  w h i c h  
s t a t e d  t h a t  t h e  t w o  m o s t  i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e  
q u a l i t y  o f  i r r i g a t i o n  w a t e r  a r e  i t s  Na c o n t e n t  a n d  t h e  s a l t  
c o n c e n t r a t i o n .  To  a  l a r g e  e x t e n t  t h e  p h y s i c a l  s t r u c t u r e  o f
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a  s o i l ,  w h e n  b a s e d  o n  i t s  s a t u r a t e d  ( D o n e e n  a n d  H e n d e r s o n ,  
1 9 6 0 )  a n d  u n s a t u r a t e d  ( R u s s o  a n d  B r e s l e r ,  1 9 7 7 )  h y d r a u l i c  
c o n d u c t i v i t i e s  a r e  h i g h l y  d e p e n d e n t  o n  b o t h  t h e  Na c o n t e n t  
a n d  s a l t  c o n c e n t r a t i o n  o f  t h e  s o i l  s o l u t i o n .  A l s o ,  P a l m e r  
( 1 9 7 9 ) ,  u s i n g  t h e  e q u a t i o n :
SAR = ____________Na mML~^_______
( ( C a  + Mg) mMlT1) 1/ 2
f o u n d  t h a t  t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  s o i l s  d e c l i n e d  
d r a s t i c a l l y  a s  t h e  SAR o f  t h e  p e r c o l a t i n g  s o l u t i o n  i n c r e a s e d  
a n d  a s  t h e  e l e c t r o l y t e  c o n c e n t r a t i o n  a t  a  g i v e n  SAR 
d e c r e a s e d .
A l t h o u g h ,  t h e  r e l a t i v e  e f f e c t  o f  t h e  SAR a n d  s a l t  
c o n c e n t r a t i o n  w e r e  l a r g e ,  M c N e a l  a n d  C o l e m a n  ( 1 9 6 6 )  f o u n d  
t h a t  i t  w a s  n o t  p o s s i b l e  t o  s e l e c t  a  c r i t i c a l  Na c o n t e n t  f o r  
a l l  s o i l s .  T h e  d e c r e a s e  i n  h y d r a u l i c  c o n d u c t i v i t y  i n  t h e  
s o i l s  t h e y  s t u d i e d  w a s  a t t r i b u t e d  t o  t w o  m a j o r  f a c t o r s ;  t h e  
d i s p e r s i o n  o f  c l a y  p a r t i c l e s  a n d  s u b s e q u e n t  p l u g g i n g  o f  
l a r g e r  p o r e s  i n  t h e  s o i l s  ( C h e n  a n d  B a n n i n ,  1 9 7 5 ) »  T h e  
a d d i t i o n  o f  Na r e p l a c e s  Ca  o n  t h e  e x c h a n g e  s i t e s  o f  c l a y s .  
T h e  r e s u l t a n t  c l a y  s y s t e m  b e c o m e s  d o m i n a t e d  by  Na a n d  a  m o r e  
d i f f u s e d  d o u b l e  l a y e r  i s  e s t a b l i s h e d  w h i c h  i n t e r a c t s  w i t h  
t h e  a d j a c e n t  d o u b l e  l a y e r  c a u s i n g  r e p u l s i v e  f o r c e s  b e t w e e n  
t h e  c l a y s  ( F r e n k e l  e t  a l . ,  1 9 7 8 ) .
T h e  o t h e r  f a c t o r  w h i c h  r e d u c e s  t h e  h y d r a u l i c  
c o n d u c t i v i t y  i s  t h e  s w e l l i n g  o f  c l a y  p a c k e t s  d u e  t o
2?
s a t u r a t i o n  o f  a d h e r i n g  Na w i t h  w a t e r .  T h e  l o w  h y d r a u l i c  
c o n d u c t i v i t y  o f  s o i l s  w i t h  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na i s  
r e a d i l y  s e e n  w h e n  l e a c h e d  w i t h  w a t e r .  A p p a r e n t l y ,  t h e  
h y d r o l y t i c  e f f e c t  o f  w a t e r  o n  Na i o n s  c a u s e s  t h e  s y s t e m  t o  
b e  d i s p e r s e d  a n d  t h u s  i n h i b i t s  w a t e r  p e r c o l a t i o n .
S o d i u m  I o n  A c t i v i t y  a n d  E x c h a n g e  C o n s t a n t s  w i t h  O t h e r  
C a t  i o n s
S a l i n e  s o i l s  n o r m a l l y  d e v e l o p  a s  t h e  r e s u l t s  o f  
e x c e s s i v e  s o l u b l e  s a l t  a c c u m u l a t i o n  a s  t h e  d i r e c t  r e s u l t  o f  
o n e  o r  m o r e  o f  t h e  f o l l o w i n g :
( 1 )  H i g h  e v a p o r a t i o n  a n d  l o w  r a i n f a l l ,
( 2 )  I n a d e q u a t e  d r a i n a g e ,
( 3 )  P o o r  i r r i g a t i o n  p r a c t i c e s  a n d
( 4 )  U s e  o f  p o o r  q u a l i t y  i r r i g a t i o n  w a t e r .
U s u a l l y ,  a d j u s t i n g  t h e  s o i l  pH t o  a  f a v o r a b l e  r a n g e  i s  n o t  
t h e  m o s t  d i f f i c u l t  t a s k .  M o r e  d i f f i c u l t  t o  c o r r e c t  may b e  
s a l t  a c c u m u l a t i o n s ,  t o x i c i t y  a n d  p o o r  p h y s i c a l  s t r u c t u r e  
w h i c h  a r e  c o m m o n l y  m o r e  s e r i o u s  p r o b l e m s .  F u r t h e r m o r e ,  
e x c e s s i v e  s a l t s  t h a t  h a v e  a c c u m u l a t e d  a f f e c t  t h e  s o i l  by 
i n c r e a s i n g  t h e  s a l t  c o n t e n t  o f  t h e  s o i l  s o l u t i o n  a n d  r e p l a c ­
i n g  Ca  t o g e t h e r  w i t h  Mg f r o m  t h e  s o i l  c o m p l e x .
T h e r e f o r e ,  a n y  a t t e m p t  t o  c h a n g e  t h e  c h e m i s t r y  o f  t h e s e  
s o i l s  i s  i n f l u e n c e d  by  t h e  Na a c t i v i t y  a n d  i t s  e x c h a n g e  
c o n s t a n t s  w i t h  o t h e r  c a t i o n s .  By d e f i n i t i o n :
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a . = Y . c . 
1  1 1 (5)
w h e r e = activity of the ith ion 
= activity coefficient of ith ion 
ci = concentration of ith ion (mole/liter)
T h e  a c t i v i t y  c o m p o n e n t  o f  a  s o l u t i o n  i s  a l s o  known a s  t h e  
e f f e c t i v e  c o n c e n t r a t i o n ®  A c t i v i t y  v a l u e  d e r i v e d  f r o m  c a l c u ­
l a t i o n  h a s  a n  e s s e n t i a l  a d v a n t a g e  o v e r  a n a l y s i s  o f  s o l u t i o n  
e x t r a c t  b e c a u s e  t h e  d e t e r m i n a t i o n s  a r e  m a d e  d i r e c t l y  i n  
s u s p e n s i o n  w i t h o u t  s e p a r a t i n g  t h e  l i q u i d  f r o m  t h e  s o l i d  
p h a s e .
G e r b u n o v  e t  a l .  ( 1 9 7 8 )  s t u d i e d  Na i o n  a c t i v i t y  d u r i n g  
Na i n t e r a c t i o n  w i t h  g y p s u m  s o l u t i o n  i n  s o i l s  a n d  f o u n d  t h a t  
t h e  s t r e n g t h  o f  t h e  Na b o n d  d e p e n d s  o n  t h e  a m o u n t  o f  Na 
a l r e a d y  o n  t h e  a d s o r p t i o n  c o m p l e x .  T h e  s t u d i e s  a l s o  
i n d i c a t e d  t h a t  e x c h a n g e a b l e  Ca o n  c l a y s  d i s s o c i a t e d  
a p p r o x i m a t e l y  f i v e  t o  e i g h t  t i m e s  l e s s  t h a n  Na i f  t h e  r e a c ­
t i o n  p r o d u c t s  w e r e  n o t  r e m o v e d .  H e n c e s Ca  a p p l i e d  i n  t h e  
f o r m  o f  s o l i d  g y p s u m  h a s  a n  i n s i g n i f i c a n t  e f f e c t  o n  t h e  
a d s o r p t i o n  c o m p l e x .  W i t h  l e a c h i n g ,  a p p l i c a t i o n  o f  g y p s u m  
p r o d u c e d  i n c r e a s e d  Na a c t i v i t y  d u e  t o  Na e n t e r i n g  t h e  s o l u ­
t i o n  a s  a  r e s u l t  o f  h y d r o l y s i s  a n d  Na d i s p l a c e m e n t  by  C a .
A c t i v i t y ,  r a t h e r  t h a n  c o n c e n t r a t i o n ,  o n c e  e s t i m a t e d  c a n  
p r o v i d e  i n v a l u a b l e  i n s i g h t  t o  s o i l  p r o p e r t i e s .  R u t k o v s k i y  
e t  a l .  ( 1 9 7 1 )  f o u n d  t h a t  t h e  e x c h a n g e  c o n s t a n t s  o f  Na a n d  K 
f o r  Ca  a n d  Mg u n d e r  s t a t i c  c o n d i t i o n s  t e n d e d  t o  d e c r e a s e  
w i t h  i n c r e a s i n g  s o l u t i o n  c o n c e n t r a t i o n  o f  a l l  f o u r  i o n
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s p e c i e s .  H o w e v e r ,  t h e y  d i d  n o t  c o n s i d e r  t h e  a c t i v i t y  c o e f ­
f i c i e n t s  o f  t h e  i o n s  i n v o l v e d .  T h e y  f u r t h e r  s t a t e d  t h a t ,  by 
k n o w i n g  t h e  e x c h a n g e  c o n s t a n t s  o f  s a y  Na f o r  C a ,  K f o r  Ca  o r  
Na f o r  Mg a n d  K f o r  Mg ,  t h e  o t h e r  e x c h a n g e  c o n s t a n t s  c a n  be  
d e t e r m i n e d  u s i n g  t h e  l a w  o f  m a s s  a c t i o n :
F o r  e x a m p l e :
K -  X ° a  CMg CaMg 7  ‘ 7? <6)Mg LCa
w h e r e  X Qa  a n d  Xjj  a r e  a d s o r b e d  i o n s  i n  c m o l  ( p + ) / k g  s o i l .
T h e  Cjyj a n d  C ^ a  a r e  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  t h e  
i o n  i n  c m o l  ( p + ) / k g  s o i l .  One  e s t a b l i s h e d  e x c h a n g e  t h e o r y  
( B o h n ,  1 9 7 9 )  s t a t e s  t h a t  i n  a  t w o  e l e c t r o l y t e  s y s t e m  c o n ­
s i s t i n g  o f  Ca  a n d  Na o f  e q u a l  a c t i v i t y ,  t w o  t o  t e n  t i m e s  
m o r e  Ca  t h a n  Na w i l l  b e  a d s o r b e d  ( G a p o n ,  1 9 3 7 ,  c i t e d  by 
R y z h o v a ,  1 9 7 5 ) .  I n  n a t u r a l  s y s t e m s ,  t h e  i o n  e x c h a n g e  c o n ­
s t a n t  a n d  s e l e c t i v i t y  i s  a f f e c t e d  by  t h e  e q u i l i b r i u m  c a t i o n  
c o n c e n t r a t i o n ,  t h e  n a t u r e  o f  t h e  a c t i v e  s i t e s ,  t h e  p r e s e n c e  
o f  a c c o m p a n y i n g  c a t i o n s  a n d  t h e  pH o f  t h e  m e d i u m .  D i f ­
f e r e n c e s  i n  t h e  a d s o r p t i o n  e n e r g y  o f  Ca  a n d  Na h e l p  t o  
e x p l a i n  t h e  b e h a v i o r  o f  Na i n  s o l o n e t z  s o i l s .  R y z h o v a  
( 1 9 7 5 )  c o n d u c t e d  a  s t u d y  i n  s o l o n e t z  s o i l s  a n d  f o u n d  a 
s l i g h t  i n c r e a s e  i n  Na d i s p l a c e d  t h r o u g h  a n  e x c h a n g e  r e a c t i o n  
w i t h  t h e  Ca  i n  g y p s u m  s o l u t i o n s  c o m p a r e d  t o  h y d r o l y t i c  
s p l i t t i n g  by  w a t e r  m o l e c u l e s .  H i s  r e s u l t s  s h o w e d  t h a t  a f t e r  
l e a c h i n g  w i t h  0 . 5  l i t e r  o f  w a t e r  t h e  c a t i o n s  g a v e  t h e  f o l ­
l o w i n g  d e s o r p t i o n  p a t t e r n  Ca > Na > Mg > K.  He b e l i e v e d
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t h a t  Na w a s  d e s o r b e d  b y  Ca  f r o m  g y p s u m  a s  w e l l  a s  s p l i t t i n g  
o f  t h e  s o i l - N a  b o n d  by  w a t e r  w i t h  t h e  f o r m a t i o n  o f  s o i l - H  
a n d  Na OH,
M i n e r a l o g y  o f  S o d i u m  A f f e c t e d  S o i l s
Ma ny  o f  t h e  p r o b l e m s  i n  Na a f f e c t e d  s o i l s  a r e  
a s s o c i a t e d  w i t h  t h e  m i n e r a l  c o m p o s i t i o n  o f  t h e  s o i l s  a n d  t h e  
c h e m i c a l  f a c t o r s  t h a t  c o n t r o l  t h e  r a t e  o f  e x c h a n g e  
r e a c t i o n s , Na ^ CO f o r m a t i o n , a n d  s o i l  p e p t i z a t i o n  p r o c e s s e s .  
T h e  c o n t e n t  o f  s m e c t i t i c  c l a y  t e n d s  t o  b e  h i g h e r  i n  t h e  
i l l u v i a l  z o n e  w h e r e a s  m i c a ,  h y d r o m i c a  a n d  s o m e  c h l o r i t e  t e n d  
t o  p r e d o m i n a t e  i n  t h e  e l u v i a l  h o r i z o n s  ( G e r b u n o v  e t  a l , ,
1 9 7 8 ) .  To a  l a r g e  e x t e n t  t h e  d i v e r s i t y  o f  t h e  m i n e r a l s  
d e p e n d s  o n  t h e  p a r e n t  r o c k s  f r o m  w h i c h  t h e  m i n e r a l s  w e r e  
i n h e r i t e d  o r  t h e  c o n d i t i o n s  u n d e r  w h i c h  t h e y  f o r m e d .  I n  
a d d i t i o n ,  s l i g h t  d e p r e s s i o n s  a n d / o r  e l e v a t i o n s  f r e q u e n t l y  
a r e  a s s o c i a t e d  w i t h  d r a s t i c  d i f f e r e n c e s  i n  t h e  l e v e l  o f  Na 
a n d  m i n e r a l  c o m p o s i t i o n  o f  s o i l s  o v e r  a  s m a l l  d i s t a n c e .  
S e v e r a l  s t u d i e s  o n  s a l t  a f f e c t e d  s o i l s  i n  I n d i a  h a v e  a l s o  
s h o w n  a  p o s i t i v e  r o l e  p l a y e d  b y  m i c r o r e l i e f  o n  t h e  s o i l s  
d i s t r i b u t i o n  a n d  f o r m a t i o n  ( B h a r g a v a  e t  a l . ,  1 9 8 0 ) .
T h e  f i n e  e a r t h  f r a c t i o n s  u s u a l l y  a f f e c t  t h e  s o i l  p r o p ­
e r t i e s  s i g n i f i c a n t l y .  F o r  e x a m p l e ,  m a n y  o f  t h e  p h y s i c a l  
s o i l  p r o p e r t i e s  s u c h  a s  c r u s t  f o r m a t i o n ,  p e r m e a b i l i t y  a n d  
i n f i l t r a t i o n  c a p a c i t y  a r e  g r e a t l y  i n f l u e n c e d  by  t h e  a m o u n t  
o f  w a t e r - p e p t i z a b l e  c l a y s  i n  a  s o i l .  T h e  a g g r e g a t e d  a n d
s t r o n g l y  b o u n d  c l a y s  o n  t h e  o t h e r  h a n d ,  u s u a l l y  i n t e r f e r e  
w i t h  w a t e r  m o v e m e n t  by  f o r m i n g  a  s c r e e n  i n  t h e  p a t h  o f  
w a t e r - p e p t i z a b l e  c l a y s .
T h e  s t r e n g t h  o f  t h e  Na b o n d  i s  n o t  a l w a y s  t h e  s a m e .  I t  
i s  t h e  w e a k e s t  i n  t h e  w a t e r - p e p t i z a b l e  c l a y  s o l u t i o n  a n d  on  
t h e  a d s o r p t i o n  c o m p l e x  a n d  t h e  s t r o n g e s t  i n  t h e  s k e l e t a l  
l a t t i c e  o f  t h e  r o c k  m i n e r a l s .  C o n s e q u e n t l y ,  Na o n  t h e  
e x c h a n g e  s i t e s  c a n  b e  s u c c e s s f u l l y  r e m o v e d  by  l e a c h i n g  w i t h  
g y p s u m  s o l u t i o n .  B u t  d u r i n g  w e a t h e r i n g  o r  e x c h a n g e  r e a c t i o n  
p r o c e s s e s ,  n e w  p o r t i o n s  o f  r e s e r v e  Na a r e  r e l e a s e d  t o  r e ­
p l e n i s h  t h e  e x c h a n g e  s i t e s .  T h u s ,  u n l e s s  t h e r e  i s  a l i m i t e d  
a m o u n t  o f  e a s i l y  r e l e a s e d  Na r e s e r v e s ,  r a p i d  d e s a l i n i z a t i o n  
by  l e a c h i n g  w i t h  g y p s u m  s o l u t i o n  i s  v e r y  u n l i k e l y .
A c c o r d i n g  t o  t h e  l a w  o f  m a s s  a c t i o n ,  Ca  f r o m  g y p s u m  
s o l u t i o n s  w i l l  e x c h a n g e  f o r  a d s o r b e d  Na w i t h  c o n c e n t r a t i o n  
a s  t h e  l i m i t i n g  f a c t o r .  H o w e v e r ,  i n  s o m e  c a s e s  a p p l i c a t i o n  
o f  g y p s u m  h a s  f a i l e d  t o  p r o d u c e  m e a s u r e a b l e  e f f e c t s  ( R h y -  
h o v a ,  1 9 7 5 ;  B o w e r ,  e t  a l .  1 9 5 1 ) .  T h e  f a i l u r e  i s  o f t e n  
a t t r i b u t e d  t o  t h e  s l o w  d i s s o c i a t i o n  o f  g y p s u m  u n d e r  s t a t i c  
c o n d i t i o n s .  T h e  d i s p l a c e d  N a ,  i f  a n y ,  i s  u s u a l l y  f r o m  CO^ 
a n d  HCO^ s a l t s .  E v e n t u a l l y ,  t h e  CO^  i s  c o n v e r t e d  i n t o  HCO^  
u n d e r  t h e  e f f e c t  o f  C C ^ f r o m  t h e  a t m o s p h e r e  ( N a H C O ^  , 1 0  ^ * 2 5  
a n d  NagCO^ , 1 0 1 ‘ 2 7 ) .
V e r y  o f t e n  m i n e r a l  s e g r e g a t i o n  r e s u l t i n g  i n  u n e v e n  
d i s t r i b u t i o n  o f  m i n e r a l s  i n  t h e  p r o f i l e  h a s  c a u s e d  e r r o n e o u s  
i n t e r p r e t a t i o n  a b o u t  t h e  d e s t r u c t i o n  o f  s o m e  m i n e r a l s  i n  t h e  
u p p e r  p a r t  o f  t h e  s o l u m .  T h i s  a b n o r m a l  d i s t r i b u t i o n  c o u l d
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v e r y  w e l l  b e  d u e  t o  t h e  a c c e l e r a t e d  m o v e m e n t  o f  f i n e  s o i l  
f r a c t i o n s  d o w n w a r d  i n  t h e  p r o f i l e  a s  t h e  r e s u l t  o f  p r o l o n g e d  
i r r i g a t i o n ,  b e c a u s e  m o n t m o r i l l o n i t e  a n d  m i x e d  l a y e r  c l a y s
t e n d  t o  m o v e  f a s t e r  t h a n  m i c a  a n d  c h l o r i t e  m i n e r a l s .  How­
e v e r ,  c a r e  s h o u l d  b e  t a k e n  n o t  t o  c o n f u s e  t h e  p r o d u c t s  o f  
n o r m a l  s o i l  f o r m i n g  p r o c e s s e s  w h i c h ,  o v e r  a p e r i o d  o f  t i m e ,  
may  t r a n s l o c a t e  a n d  a c c u m u l a t e  t h e  s a m e  s u i t e  o f  m i n e r a l s  i n  
t h e  l o w e r  p a r t  o f  t h e  s o i l  p r o f i l e .
T h u s  f a r  m o s t  r e s e a r c h e r s  h a v e  n o t  a t t e m p t e d  t o  i s o l a t e  
t h e  Na s o u r c e s .  V e r y  o f t e n  t h e  Na i s  a s s u m e d  t o  b e  p r e s e n t  
i n  r e s e r v e  a n d  m o s t  e f f o r t s  h a v e  b e e n  d i r e c t e d  t o w a r d  
u n d e r s t a n d i n g  t h e  e x c h a n g e  r e a c t i o n  p h e n o m e n a .  U n l e s s  t h e  
s o u r c e s  o f  Na a r e  i d e n t i f i e d  a n d  t h e i r  c o n t r i b u t i o n  
c o n t r o l l e d ,  r e m o v a l  o f  Na f r o m  e x c h a n g e  s i t e s  d o e s  n o t
e l i m i n a t e  t h e  p r o b l e m  e n t i r e l y .
R e c l a m a t i o n  o f  A l k a l i  S o i l s
U n k n o w i n g l y ,  i n  m a n y  i n s t a n c e s  s e r i o u s  d a m a g e  h a s  b e e n  
i n f l i c t e d  o n  p r o d u c t i v e  s o i l s  a s  a  r e s u l t  o f  m a n a g e m e n t  
p r a c t i c e s .  I n  m a n y  c a s e s  t h i s  i s  a  d i r e c t  c o n s e q u e n c e  o f
u s i n g  u n s u i t a b l e  i r r i g a t i o n  w a t e r  o r  o f  o v e r - i r r i g a t i o n  
t o g e t h e r  w i t h  p o o r  u n d e r - d r a i n a g e  c o n d i t i o n s .  As  a  r e s u l t  
m a n y  p r o d u c t i v e  a r e a s  h a v e  b e e n  t r a n s f o r m e d  i n t o  b a r r e n  
f l a t s  ( B u r g e s s ,  1 9 2 8 ) ,  T h e r e f o r e ,  i t  i s  o f  u t m o s t  i m p o r ­
t a n c e  t o  c o n s i d e r  p r e v e n t i v e  m e a s u r e s  t o  r e s t r i c t  t h e  d e v e l ­
o p m e n t  o f  s u c h  p r o b l e m s  i n  o t h e r  a r e a s .  F o r t u n a t e l y ,  p r e ­
v e n t i v e  m e a s u r e s  a r e  a v a i l a b l e .  B u r g e s s  ( 1 9 2 8 ) ,  f o u n d  t h a t  
c o n t r o l l e d  q u a n t i t y  a n d  q u a l i t y  o f  i r r i g a t i o n  w a t e r  a r e  t h e  
t w o  m o s t  i m p o r t a n t  p r e v e n t i v e  m e a s u r e s .  H o w e v e r ,  t h e  e f f e c ­
t i v e n e s s  o f  t h e  m e a s u r e s  a r e  l a r g e l y  d e t e r m i n e d  by  t h e  
a b i l i t y  t o  p r o p e r l y  u s e  i r r i g a t i o n  w a t e r  o f  s u i t a b l e  q u a l i ­
t y .  G e n e r a l l y ,  t h e  q u a n t i t y  o f  i r r i g a t i o n  w a t e r  n e e d e d  t o  
k e e p  s o l u b l e  s a l t  c o n t e n t s  a t  o r  b e l o w  a  c r i t i c a l  l e v e l  
i n c r e a s e  d i r e c t l y  w i t h  t h e  s a l t  c o n t e n t  o f  t h e  w a t e r  s o u r c e .  
I n  t h e  r o o t  z o n e ,  t h e  i n c r e a s e  o r  d e c r e a s e  i n  s o l u b l e  s a l t s  
d e p e n d s  o n  w h e t h e r  t h e  n e t  d o w n w a r d  m o v e m e n t  o f  s a l t  i s  m o r e  
o r  l e s s  t h a n  t h e  n e t  s a l t  i n p u t  f r o m  i r r i g a t i o n  w a t e r  a n d  
o t h e r  s o u r c e s .  C o n s e q u e n t l y ,  t h e  q u a n t i t y  a n d  q u a l i t y  o f  
w a t e r ,  a s  w e l l  a s  t h e  e f f e c t i v e n e s s  o f  l e a c h i n g  a n d  d r a i n a g e  
d e t e r m i n e s  t h e  f i n a l  s a l t  b a l a n c e  i n  t h e  s o i l s .  W i t h o u t  
l e a c h i n g ,  t h e  a m o u n t  o f  s a l t  t h a t  a c c u m u l a t e s  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  s a l t  c o n t e n t  o f  i r r i g a t i o n  w a t e r  a n d  t h e  
d e p t h  o f  w a t e r  a p p l i e d .  E v i d e n t l y ,  t h e  s u c c e s s  o f  i r r i g a ­
t i o n  p r a c t i c e  d e p e n d s  h e a v i l y  o n  t h e  c o n t r o l  o f  s o i l  s a l i n ­
i t y  ( S c o f i e l d ,  1 9 4 0 ) .
W h i l e  t h e  t r e a t m e n t  o f  s a l i n e  s o i l s  u s u a l l y  i n v o l v e s  
l e a c h i n g  w i t h  h i g h  q u a l i t y  w a t e r ,  m o r e  d r a s t i c  t r e a t m e n t  i s  
r e q u i r e d  o n  a l k a l i  s o i l s .  G e n e r a l l y ,  r e c l a m a t i o n  o f  s a l i n e  
s o i l s  i s  d e p e n d e n t  u p o n  t h e  l e a c h i n g  o f  e x c e s s  s a l t s  f r o m  
t h e  r o o t  z o n e  ( T e r k e l t o u b  a n d  B a b c o c k ,  1 9 7 9 ) .  H o w e v e r ,  
b l a c k  a l k a l i  s o i l s  c a n n o t  b e  r e c l a i m e d  by  i r r i g a t i o n  a n d  
d r a i n a g e  a l o n e  i n  a n y  r e a s o n a b l e  l e n g t h  o f  t i m e  ( W u r s t e n  a n d  
P o w e r ,  1 9 3 4 ) .  S o d i c  s o i l s  c a n  b e  r e c l a i m e d  by l i b e r a l  u s e
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o f  i r r i g a t i o n  w a t e r  o n l y  i f  t h e  s o i l s  a r e  c a l c a r e o u s  i n  
n a t u r e  ( O v e r s t r e e t  e t  a l . ,  1 9 5 5 ) .  I n  m a n y  c a s e s  a l k a l i  
s o i l s  r e q u i r e  n o t  o n l y  l e a c h i n g  b u t  t r e a t m e n t  w i t h  a s o i l  
a m e n d m e n t  t o  r e p l a c e  t h e  a d s o r b e d  Na o n  t h e  c l a y  a n d  t o  
a l l o w  i t s  r e m o v a l  b y  d r a i n a g e  ( S t r o m b e r g  a n d  T i s d a l e *  1 9 7 9 ) .
A d d i t i o n  o f  w a t e r  t o  n o n - s a l i n e  a l k a l i  s o i l s  u s u a l l y  
c a u s e s  c l a y  d i s p e r s i o n  b e c a u s e  t h e  Na r e a c t s  w i t h  t h e  w a t e r  
a n d  f o r m s  Na OH.  T h e r e f o r e *  t h e  u l t i m a t e  e f f o r t  i s  t o  
c o n v e r t  Na c o m p o u n d s  i n t o  f o r m s  t h a t  d o  n o t  h y d r o l y s e  i n  
w a t e r  l i k e  NaHCO-^ o r  N a 2 S 0 ,̂ t h a t  p e r m i t  l e a c h i n g .
B a s i c a l l y *  t h e r e  a r e  f o u r  f u n d a m e n t a l  p r i n c i p l e s  i n ­
v o l v e d  i n  r e c l a i m i n g  a n d  i m p r o v i n g  a l k a l i  s o i l s  ( B o w e r  e t  
a l . ,  1 9 5 1 ) .  T h e  f i r s t  i n v o l v e s  d r a i n a g e  t o  l o w e r  t h e  w a t e r  
t a b l e  i n  a r e a s  w h e r e  h i g h  w a t e r  t a b l e s  e x i s t .  N e x t ,  i s  t h e  
r e p l a c e m e n t  o f  a d s o r b e d  Na o n  t h e  e x c h a n g e  c o m p l e x  w i t h  Ca 
o r  o t h e r  d i v a l e n t  c a t i o n s .  T h i s  i s  i m m e d i a t e l y  f o l l o w e d  by 
l e a c h i n g  o u t  t h e  e x c e s s  s o l u b l e  s a l t s .  F i n a l l y ,  t h e  i m ­
p r o v e m e n t  o f  s o i l  s t r u c t u r e  by  r e a r r a n g e m e n t  a n d  a g g r e g a t i o n  
o f  s o i l  p a r t i c l e s .  D r a i n a g e  p r o c e d u r e s  w i t h  o p e n  d i t c h e s  o r  
t i l e  d r a i n a g e  o r  p u m p i n g  f r o m  w e l l s  i n  a q u i f i e r s  a r e  o n l y  
a p p l i c a b l e  i f  s o i l s  a r e  r e a s o n a b l y  p e r m e a b l e .  W h e r e v e r  
a p p l i c a b l e ,  a l t e r n a t e  w e t t i n g  a n d  d r y i n g  a s  w e l l  a s  f r e e z i n g  
a n d  t h a w i n g  c a n  f a c i l i t a t e  s o i l  s t r u c t u r e  i m p r o v e m e n t  ( B o w e r  
e t  a l . ,  1 9 5 1 ) .
B a s e d  o n  t h e i r  m a i n  c h a r a c t e r i s t i c s ,  D e S i g m o n d  ( 1 9 2 4 ) ,  
g r o u p e d  t h e  d i f f e r e n t  r e c l a m a t i o n  m e t h o d s  i n t o  f o u r
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c a t e g o r i e s .  A c c o r d i n g  t o  h i m  t h e  f i r s t  e f f o r t  s h o u l d  b e  
d i r e c t e d  t o w a r d  p h y s i c a l  r e c l a m a t i o n .  T h i s  s t e p  i n v o l v e s  
t h e  i m p r o v e m e n t  o f  s o i l  s t r u c t u r e  by  r e a r r a n g e m e n t  a n d  
a g g r e g a t i o n  o f  t h e  s o i l  s o l i d s  t o  e a s e  w a t e r  p e r c o l a t i o n  a n d  
l e a c h i n g .  T h i s  i s  f o l l o w e d  by  e f f o r t s  a i m e d  a t  r e m o v i n g  
a l k a l i  s a l t s  f r o m  t h e  s o i l s .  T h e  m e t h o d s  o f  i r r i g a t i o n  a r e  
p r i m a r y  t o o l s  u s e d  i n  t h i s  s t e p .  T h e s e  s t e p s  a r e  p r e c e d e d  
by  t h e  p r o c e s s  o f  Na r e p l a c e m e n t  o n  t h e  e x c h a n g e  c o m p l e x  
w i t h  Ca  o r  o t h e r  d i v a l e n t  c a t i o n s .  C o n s i d e r a b l e  a m o u n t s  o f  
s u r f a c e  s a l t s  c a n  b e  r e m o v e d  by  f l u s h i n g ,  p o n d i n g  o r  
f l o o d i n g  i m m e d i a t e l y  f o l l o w e d  b y  l e a c h i n g  p r o c e s s e s  i f  t h e  
s a l t s  a r e  m a i n l y  o n  t h e  s u r f a c e  o f  t h e  s o i l .
C h e m i c a l  a m e n d m e n t s  c o n s t i t u t e  t h e  t h i r d  m e t h o d  o f  
a l k a l i  s o i l  r e c l a m a t i o n  p r o c e d u r e s .  C a l c i u m  s u l f a t e ,  f l o u r  
o f  S ,  a l u m  a n d  c r u d e  H g S O ^ a r e  s o m e  o f  t h e  c o m m o n l y  u s e d  
c h e m i c a l  a m e n d m e n t s .  T h e s e  a m e n d m e n t s  a r e  a i m e d  a t  b r i n g i n g  
a b o u t  Na r e p l a c e m e n t  f r o m  t h e  e x c h a n g e  c o m p l e x  w i t h  Ca  o r  
o t h e r  d i v a l e n t  c a t i o n s .  S t u d i e s  h a v e  s h o w n  t h a t  C a S O ^  i s  
t h e  m o s t  e f f e c t i v e  c h e m i c a l  t r e a t m e n t  f o r  i m p r o v i n g  i n f i l ­
t r a t i o n  r a t e  a n d  a g g r e g a t i o n .  T h e  d i f f e r e n c e s  i n  t h e  q u a n ­
t i t i e s  o f  Na r e m o v e d  b y  C a S O / ^ a n d  f l o u r  o f  S t r e a t m e n t s ,  l i e  
i n  t h e  f a c t  t h a t  d i f f e r e n t  c a t i o n s  w e r e  i n v o l v e d  i n  t h e  
r e p l a c e m e n t  o f  Na o n  t h e  c l a y  c o m p l e x  ( B o w e r  e t  a l . ,  1 9 5 1 ) .
T h e  f i n a l  g r o u p  o f  e f f o r t s  e m p l o y  b i o l o g i c a l  m e t h o d s  o f  
r e c l a m a t i o n .  I t  t a k e s  a d v a n t a g e  o f  t h e  m i c r o o r g a n i s m s  
a c t i v i t y  i n  t h e  s o i l s  ( D e S i g m o n d ,  1 9 2 4 ) .  U s u a l l y ,  o r g a n i c  
m a t t e r  i s  a d d e d  t o  t h e  s o i l s  f o l l o w e d  by  i n c u b a t i o n  a f t e r  a
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t h o r o u g h  m i x i n g *  H o w e v e r ,  i m p r o v e m e n t  a s  a  r e s u l t  o f  b i o ­
l o g i c a l  a m e n d m e n t  i s  t e m p o r a r y  a n d  d i m i n i s h e s  a s  o r g a n i c  
m a t t e r  d e c r e a s e  d u e  t o  o x i d a t i o n *
R e c l a m a t i o n  o f  a l k a l i  s o i l s  i s  a  f o r m i d a b l e  t a s k .  T h e  
m o s t  d i f f i c u l t  p a r t  i s  t o  f o r m u l a t e  p r a c t i c a l ,  e c o n o m i c a l l y  
f e a s i b l e  a n d  r e a s o n a b l e  p l a n s .  I t  r e q u i r e s  a  w o r k i n g  
k n o w l e d g e  o f  t h e  p h y s i c a l  b e h a v i o r  o f  t h e  s o i l  c o n s t i t u e n t s  
a n d  a  t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  p o s s i b l e  c h e m i c a l  
p r o c e s s e s  b r o u g h t  a b o u t  by  s o i l  a m e n d m e n t s , e s p e c i a l l y  
c h e m i c a l  a m e n d m e n t s .  E v e n  s i m p l e  l e a c h i n g  p r o c e s s  c a n  b r i n g  
a b o u t  a l m o s t  i r r e v e r s i b l e  a n d  u n d e s i r a b l e  c h e m i c a l  c h a n g e s  
t h a t  a f f e c t  t h e  c o l l o i d a l  c o m p o n e n t s .  H e n c e ,  f o r e p l a n n i n g  i s  
i n d i s p e n s i b l e  t o  r e d u c e  t h e  r i s k  o f  f u t u r e  f a i l u r e .
S a l t  a f f e c t e d  s o i l s  h a v e  b e e n  s t u d i e d  a n d  r e c o g n i z e d  by 
d i f f e r e n t  n a m e s  o n  d i f f e r e n t  o c c a s s i o n s  b y  n u m e r o u s  i n d i v i ­
d u a l s  H i l g a r d  ( 1 9 1 2 ) ,  W i l d i n g  e t  a l . , ( 1 9 6 3 ) ,  B u r g e s s ( 1 9 2 8 ) ,  
N i k i f o r o f f  ( 1 9 3 0 ) >  K e l l e y  ( 1 9 3 ^ ) >  K e l l o g g  ( 1 9 3 ^ - ) .  S c o f i e l d  
( 1 9 ^ - 0 ;  1 9 4 7 ) ,  D e S i g m o n d  ( 1 9 3 8 ) ,  W h i t t i n g  ( 1 9 5 9 )  a n d  ma n y
o t h e r s ,  a n d  c o l l e c t i v e  g r o u p s  s u c h  a s  S o i l  S a l i n i t y  S t a f f  
( 1 9 5 4 )  a n d  USDA S o i l  S u r v e y  S t a f f  ( 1 9 7 5 ) ,  Ma ny  o f  t h e  
e a r l i e r  c l a s s i f i c a t i o n s  h a v e  b e e n  u p d a t e d  a n d  t a i l o r e d  t o  
m e e t  t h e  n e c e s s a r y  d e m a n d  a s  m o r e  o f  t h e  s a l t  a f f e c t e d  s o i l s  
c h a r a c t e r i s t i c s  a r e  e n c o u n t e r e d  a n d  d e f i n e d .  M a j o r  a d v a n c e ­
m e n t  i n  c l a s s i f i c a t i o n  o f  s o i l s  r a n g i n g  f r o m  ' n o r m a l '  t o  
s a l t  a f f e c t e d  s o i l s  w e r e  p u t  f o r t h  by  t h e  S o i l  S a l i n i t y  
S t a f f  ( 1 9 5 4 ) .  S i n c e  t h e n  t h e  USDA S o i l  S u r v e y  S t a f f  ( 1 9 7 5 )
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h a s  r e v i s e d  a n d  a d d e d  m o r e  d e f i n i t i v e  c r i t e r i a  t o  t h e  s y s ­
t e m .  T h e  USDA c o m p r e h e n s i v e  s o i l  c l a s s i f i c a t i o n  s y s t e m  i s  
t h e  m o s t  w i d e l y  a c c e p t e d  a n d  u s e d  s y s t e m  i n  t h e  w o r l d .  I n  
a l l  t h e  c l a s s i f i c a t i o n s  c i t e d  t h e  m a j o r  c r i t e r i a  f o r  c l a s s i ­
f i c a t i o n ,  h i n g e d  o n  l e v e l s  o f  s o l u b l e  s a l t s  a s  i n d i c a t e d  by 
EC a n d  p e r c e n t  s a t u r a t i o n  w i t h  Na a s  t h e  m a j o r  d e t e r m i n i n g  
f a c t o r s  f o r  c l a s s i f i c a t i o n .  L e s s  c r i t i c a l  f a c t o r s  s u c h  a s  
p H,  s o l u t i o n  c h e m i s t r y ,  m o r p h o l o g y  a n d  d e p t h  t o  w h i c h  h i g h  
t h e  l e v e l  o f  e x c h a n g e a b l e  Na p e r c e n t  a r e  o b s e r v e d  w e r e  a l s o  
i n c l u d e d .  S e v e r a l  d i f f e r e n c e s  a n d  s i m i l a r i t i e s  e x i s t  a m o n g  
t h e  d i f f e r e n t  c l a s s i f i c a t i o n  s y s t e m s  f o r  s a l t  a f f e c t e d  
s o i l s .  F o r  e x a m p l e ,  s o l o n c h a c k  a n d  s o l o n e t z  s o i l  g r o u p s  
h a v e  s e v e r a l  c o mmo n  c h a r a c t e r i s t i c s  t o  s o i l s  w i t h  s a l i c  a n d  
n a t r i c  h o r i z o n s ,  r e s p e c t i v e l y ,  i n  S o i l  T a x o n o m y  ( S o i l  S u r v e y  
S t a f f ,  1 9 7 5 ) .  H o w e v e r ,  t h e  p h y s i c a l  a n d  m o r p h o l o g i c a l  c h a r ­
a c t e r i s t i c s  o f  s o i l s  w i t h  n a t r i c  o r  s a l i c  h o r i z o n s  a r e  n o t  
e n t i r e l y  i d e n t i c a l  t o  t h e i r  c o r r e s p o n d i n g  p a i r s  i n  t h e  o l d e r  
c l a s s i f i c a t i o n .  On t h e  o t h e r  h a n d ,  S o i l  S a l i n i t y  S t a f f  
( 1 9 5 4 )  u t i l i z e d  EC a n d  e x c h a n g e a b l e  Na p e r c e n t  a n d  pH a s  t h e  
m a j o r  c r i t e r i a  f o r  c l a s s i f y i n g  s a l t  a f f e c t e d  s o i l s  i n t o  t h e
v a r i o u s  c l a s s e s .  S a l i n e  s o i l s  a r e  r e c o g n i z e d  a s  t h o s e  s o i l s  
— 1w i t h  _> 4  dSm~ a n d  a l k a l i  t h o s e  w i t h  > 15  e x c h a n g e a b l e  Na 
p e r c e n t  w i t h  s o i l  pH r e a d i n g s  a s  a d d i t i o n a l  i n f o r m a t i o n .
S a l i n e  s a l t s  a f f e c t e d  s o i l s  d e s c r i b e d  by  S o i l  S a l i n i t y  
S t a f f  ( 1 9 5 4 )  a n d  a c c o r d i n g  t o  USDA H a n d b o o k  N o .  18  ( 1 9 5 1 )
h a v e  c l a s s i f i c a t i o n s  c o m p a r a b l e  t o  a n d  o r  q u a l i f y  a s  s o i l s  
w i t h  t h e  s a l i c  h o r i z o n  a s  d e f i n e d  i n  S o i l  T a x o n o m y  ( S o i l
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S u r v e y  S t a f f ,  1 9 7 5 ) .  On t h e  o t h e r  h a n d ,  s a l i n e - a l k a l i  a n d  
n o n - s a l i n e - a l k a l i  s o i l s  t h a t  h a v e  s u f f i c i e n t l y  h i g h  l e v e l s  
o f  e x c h a n g e a b l e  Na a t  r e l a t i v e l y  s h a l l o w  d e p t h s  a r e  c o m p a r a ­
b l e  t o  s o i l s  w i t h  n a t r i c  h o r i z o n s  a s  d e f i n e d  i n  S o i l  T a x o n o ­
my ( S o i l  S u r v e y  S t a f f ,  1 9 7 5 ) .
High Sodium Levels in Louisiana Soils
I n  L o u i s i a n a  t h e r e  a r e  l a r g e  a c r e a g e s  o f  s o i l s  t h a t  
c o n t a i n  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na w i t h i n  t h e  s o l u m  
( M a r t i n  e t  a l M  1 9 8 1 ;  M i l l e r ,  1 9 7 7 ;  R e y n o l d s  e t  a l . ,  1 9 8 4 ;  
a n d  We ems  e t  a l . ,  1 9 7 7 ) .  T y p i c a l l y ,  t h e s e  s o i l s  o c c u p y  
a r e a s  h a v i n g  s l o p e s  o f  l e s s  t h a n  t w o  p e r c e n t  a n d  a r e  c h a r a c ­
t e r i z e d  by m e d i u m  t e x t u r e d  s u r f a c e  h o r i z o n s  ( D a n c e  e t  a l . ,  
1 9 6 8 ;  M a r t i n  e t  a l . ,  1 9 8 1 ;  M i l l e r ,  1 9 7 7 ;  R e y n o l d s  e t  a l . ,  
1 9 8 4 ;  S p i c e r  e t  a l . ,  1 9 7 6 ;  a n d  We ems  e t  a l . ,  1 9 7 7 ) .  T h e s e  
s o i l s  c h a r a c t e r i s t i c a l l y  h a v e  s u r f a c e  h o r i z o n s  i n  w h i c h  
e x c h a n g e a b l e  Na l e v e l s  a r e  l o w  a n d  pH v a l u e s  b e t w e e n  4 . 5  a n d  
5 . 7 ,  e x c e p t  i n  a r e a s  t h a t  h a v e  b e e n  l i m e d  ( F l e m i n g ,  1 9 8 0 ;  
M i l l e r ,  1 9 7 7 ;  1 9 8 1 ) .  Ma ny  o f  t h e s e  s o i l s  h a v e  m o r e  t h a n  15% 
e x c h a n g e a b l e  Na i n  t h e  u p p e r  B h o r i z o n s  ( n a t r i c  h o r i z o n s ) .  
T h e y  a r e  ( e . g .  B o n n ,  D e e r f o r d ,  F o l e y ,  L a f e ,  a n d  V e r d u n )  
c l a s s i f i e d  a s  n a t r i c  a t  e i t h e r  G r e a t  G r o u p  o r  S u b g r o u p  l e v e l  
i n  S o i l  T a x o n o m y  ( S o i l  S u r v e y  S t a f f ,  1 9 7 5 ) .  I n  o t h e r s  ( e . g .  
G r o o m ,  G i l b e r t ,  E g y p t ,  a n d  W r i g h t v i l l e ) , t h e  h i g h  l e v e l s  o f  
e x c h a n g e a b l e  Na a r e  a t  t o o  g r e a t  a  d e p t h  f o r  t h e  s o i l s  t o  
q u a l i f y  a s  n a t r i c  a t  a n y  l e v e l  i n  S o i l  T a x o n o m y  ( S o i l  S u r v e y  
S t a f f ,  1 9 7 5 ) .
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T h e  p r < : n c e  o f  s o i l s  w i t h  n a t u r a l l y  h i g h  l e v e l s  o f  
e x c h a n g e a b l e  Na i n  L o u i s i a n a  i s ,  i n  i t s e l f ,  a n  a p p a r e n t  
a n o m a l y .  T h e  s t a t e  i s  c h a r a c t e r i z e d  by  a  h u m i d  s u b t r o p i c a l  
c l i m a t e  w i t h  m e a n  a n n u a l  r n f a l l  b e t w e e n  4 6  a n d  6 0  i n c h e s  
( D y k e ,  1 9 4 1 ) .  T h e  s o i l  p a r e n t  m a t e r i a l s  i n c l u d e  l o e s s ,  i  i  u -  
v i a l  t e r r a c e s ,  a n d  p o s s i b l e  m a r i n e  d e p o s i t s  ( R u s s e l ,  1 9 4 4 ;  
S a u c i e r ,  1 9 7 4 ;  S n o w d e n ,  1 9 6 6 ) .  T h e s e  s o i l s  a r e  m o s t  a b u n d a n t  
i n  a  n o r t h - s o u t h  b a n d  a p p r o x i m a t e l y  p a r a l l e l  t o ,  a n d  on  e i ­
t h e r  s i d e  o f ,  t h e  M i s s i s s i p p i  R i v e r  A l l u v i a l  P l a i n  ( M i l l e r ,  
1 9 7 7 ) .  T h e y  ms y  c o m p r i s e  u p  t o  20  p e r c e n t  o f  t h e  l a n d  
s u r f a c e  i n  s o me  p a r i s h e s  i n  t h i s  a r e a  a n d  r e p r e s e n t  a n  
i m p o r t a n t  f a c t o r  i n  a g r i c u l t u r e  p r o d u c t i v i t y  ( M i l l e r ,  1 9 7 7 ;  
M a r t i n  e t  a l . ,  1 9 8 1 ) .  T h e s e  s o i l s  c o m m o n l y  o c c u p y  l a t e  
P l e i s t o c e n e  o r  e a r l y  H o l o c e n e  a g e  s u r f a c e  t h a t  r a n g e  i n  a g e  
f r o m  a b o u t  6 , 0 0 0  t o  p e r h a p s  9 0 , 0 0 0  o r  m o r e  y e a r s  ( S a u c i e r ,  
1 9 7 4 ;  M i l l e r ,  1 9 8 2 ) .
A l i m i t e d  a m o u n t  o f  r e s e a r c h  h a s  b e e n  d o n e  on  t h e s e  
s o i l s  i n  L o u i s i a n a .  F i e l d  i n v e s t i g a t i o n s ,  i n c l u d i n g  s o i l  
s u r v e y s ,  c o n f i r m  t h a t  t h e y  o c c u r  i n  m o s t  p a r i s h e s  i n  t h e  
s t a t e  e x c e p t  p o s s i b l y  t h o s e  c o m p r i s e d  e n t i r e l y  o f  s o i l s  
d e v e l o p e d  i n  r e c e n t  M i s s i s s i p p i  a n d  o r  Re d  R i v e r  a l l u v i u m .  
R e c e n t  f i e l d  i n v e s t i g a t i o n s  a i m e d  s p e c i f i c a l l y  a t  l e a r n i n g  
m o r e  a b o u t  t h e  p h y s i o g r a p h i c  a n d  p a r e n t  m a t e r i a l  
r e l a t i o n s h i p s  a m o n g  t h e s e  v i l s  a n d  t h e i r  r e l a t i o n s h i p  t o  
o t h e r  a s s o c i a t e d  s o i l s  h a v e  b e e n  c a r r i e d  o u t  i n  a n u m b e r  o f  
p a r i s h e s  ( M i l l e r ,  1 9 7 7 ) .  T h e s e  i n c l u d e  A c a d i a ,  A s c e n s i o n ,
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D e S o t o ,  E a s t  B a t o n  R o u g e ,  E a s t  F e l i c i a n a ,  F r a n k l i n ,  
L i v i n g s t o n ,  M o r e h o u s e ,  S t .  L a n d r y ,  S t .  T a m m a n y ,  T a n g i p a h o a ,  
a n d  W e s t  C a r r o l l  ( M i l l e r ,  1 9 8 1 ,  1 9 8 4 ;  M u r p h y  e t  a l . ,  1 9 7 7 ) .  
T h e s e  i n v e s t i g a t i o n s  a n d  p u b l i s h e d  s o i l  s u r v e y  r e p o r t s  
p r o v i d e  u s e f u l  i n f o r m a t i o n  a b o u t  t h e i r  s e t t i n g ,  d i s t r i b u t i o n  
a n d  e x t e n t .  L o e s s  a n d  f l u v i a l  t e r r a c e  d e p o s i t s  a r e  t h e  t wo  
common  p a r e n t  m a t e r i a l s  i n  w h i c h  t h e y  h a v e  b e e n  s h o w n  t o  
d e v e l o p .  L o e s s  i s  t h e  m o s t  c o mmo n  p a r e n t  m a t e r i a l  a n d  
c o n s e q u e n t l y  t h e y  a r e  m o s t  a b u n d a n t  i n  a n o r t h - s o u t h  b a n d  
w h e r e  t h e  l o e s s  d e p o s i t s  a r e  l o c a t e d  a d j a c e n t  a n d  
a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  M i s s i s s i p p i  R i v e r  a l l u v i a l  
p l a i n .  I n  t h i s  r e g i o n  t h e y  may c o m p r i s e  2 0  p e r c e n t  o r  m o r e  
o f  t h e  l a n d  a r e a  i n  s o m e  p a r i s h e s  ( M a r t i n  e t  a l . ,  1 9 8 1 ) .  
S t u d i e s  t o  d a t e  i n d i c a t e  t h a t  a s p e c i f i c  s t r a t i g r a p h i c  
r e l a t i o n s h i p  e x i s t s  w i t h  r e s p e c t  t o  p a r e n t  m a t e r i a l s  i n  
a r e a s  w h e r e  t h e s e  s o i l s  h a v e  d e v e l o p e d .  T h a t  i s ,  t h e  m e d i u m  
t e x t u r e d  m a t e r i a l s  i n  w h i c h  t h e  s o i l s  f o r m  a r e  e v e r y w h e r e  
u n d e r l a i n  by m o r e  c l a y e y  s t r a t a  a t  s o m e  d e p t h .  T h i s  i s  
e x e m p l i f i e d  by t h e  r e l a t i o n s h i p s  d e s c r i b e d  w i t h  r e s p e c t  t o  
t h e s e  s o i l s  i n  F r a n k l i n  P a r i s h  ( M i l l e r ,  1 9 8 1 ) .  T h e s e  s o i l s  
a r e  k n o w n  t o  o c c u p y  a t  l e a s t  t h r e e  m a j o r  l a n d s c a p e  
p o s i t i o n s .  T h e s e  a : :  1 )  W i d e  i n t e r f l u v e s  t y p i f i e d  by
s l o p e s  o f  0 - 2  p e r c e n t ;  2 ) s l i g h t l y  s l o p i n j  a r e a s  a d j a c e n t  t o  
d r a i n a g e w a y s  o r  b e t w e e n  h i g h e r  a n d  l o w e r  m a j o r  l a n d  s u r f a c e  
a r e a s ;  a n d  3 )  s t r e a m  t e r r a c e s  ( M i l l e r ,  1 9 7 7 ;  M a r t i n  e t  a l . ,  
1 9 8 1 ;  R e y n o l d s  e t  a l . ,  1 9 8 4 ) .
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T h e  r e s u l t s  o f  f i e l d  a n d  l a b o r a t o r y  s t u d i e s  by  R e h a g e  
( 1 9 7 9 ) ,  M a r t i n  e t  a l .  ( 1 9 8 1 )  a n d  M i l l e r  ( 1 9 8 1 ,  1 9 8 4 )  i n d i ­
c a t e  t h a t  t h e s e  s o i l s  c a n  b e  p l a c e d  i n  o n e  o f  t h e  f o l l o w i n g  
f o u r  g r o u p s  b a s e d  o n  m a j o r  c h e m i c a l  c h a r a c t e r i s t i c s :
1 .  S o i l s  w i t h  h i g h  Na s a t u r a t i o n s  ( n a t r i c  h o r i z o n s )  i n  
a n d  b e l o w  t h e  u p p e r  B h o r i z o n s  a n d  h a v i n g  pH v a l u e s  o f  n e a r  
7 o r  h i g h e r  b u t  r a r e l y  g r e a t e r  t h a n  8 . 5  i n  a l l  h o r i z o n s  
c o n t a i n i n g  h i g h  l e v e l s  o f  N a .  S e c o n d a r y  C a C O ^  c o n c r e t i o n s  
may b e  p r e s e n t  i n  s o m e  s u b s u r f a c e  h o r i z o n s .
2 .  S o i l s  w i t h  h i g h  Na s a t u r a t i o n  i n  a n d  b e l o w  t h e  u p p e r  
B h o r i z o n s  a n d  h a v i n g  pH v a l u e s  b e t w e e n  a b o u t  4 . 5  a n d  7 
t h r o u g h o u t  a t  l e a s t  t h e  u p p e r  p a r t  o f  t h e  z o n e  o f  h i g h  Na 
s a t u r a t i o n .  P o t e n t i a l l y  p h y t o t o x i c  l e v e l s  o f  e x c h a n g e a b l e  
Al  may b e  p r e s e n t  i n  a c i d  s u b s u r f a c e  h o r i z o n s .  S e c o n d a r y  
CaCO c o n c r e t i o n s  may  b e  p r e s e n t  a t  d e p t h  i n  s o m e  s u b s u r f a c e  
h o r i z o n s .
3 .  S o i l s  w i t h  l o w  Na s a t u r a t i o n ,  l o w  pH v a l u e s ,  a n d  
m e d i u m  t o  h i g h  s a t u r a t i o n  w i t h  Mg a n d  o r  Al  i n  t h e  u p p e r  B 
h o r i z o n s ;  h i g h  l e v e l s  o f  e x c h a n g e a b l e  N a ,  l o w  pH v a l u e s ,  a n d  
m e d i u m  l e v e l s  o f  e x c h a n g e a b l e  Mg a n d  o r  Al  i n  l o w e r  B 
h o r i z o n s ;  a n d ,  h i g h  l e v e l s  o f  e x c h a n g e a b l e  N a ,  h i g h  pH 
v a l u e s ,  a n d  l o w  l e v e l s  o f  e x c h a n g e a b l e  Mg a n d  o r  Al  i n  e v e n  
l o w e r  s o i l  h o r i z o n s .  P o t e n t i a l l y  p h y t o t o x i c  l e v e l s  o f  
e x c h a n g e a b l e  A l  a n d  Na may b o t h  b e  p r e s e n t  i n  t h e  s a m e  
h o r i z o n  i n  s o m e  o f  t h e s e  s o i l s  ( M i l l e r ,  1 9 8 0 ) .
4 .  S o i l s  w i t h o u t  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na i n  t h e  
u p p e r  f o u r  t o  s i x  f e e t  b u t  h a v i n g  l o w  pH v a l u e s  a n d  m e d i u m
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t o  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Mg a n d  o r  Al  i n  t h e  B 
h o r i z o n s .
T h e  g r e a t  m a j o r i t y  o f  s o i l s  i n  L o u i s i a n a  t h a t  c o n t a i n  
h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na h a v e  s t r u c t u r e  t h a t  d i f f e r s  
f r o m  m o s t  n o n - s a l i n e  s o i l s  h a v i n g  s i m i l a r  Na c o n t e n t s  
d e s c r i b e d  i n  t h e  l i t e r a t u r e  ( M a r t i n  e t  a l . , 1 9 8 1 ;  M i l l e r ,
1 9 7 7 ;  R e y n o l d s  e t  a l . ,  1 9 8 4 ;  S p i c e r  e t  a l . ,  1 9 7 6 ;  a n d  Weems  
e t  a l . ,  1 9 7 7 ) .  T h e  s o i l s  i n  L o u i s i a n a  t y p i c a l l y  h a v e  b l o c k y  
o r  p r i s m a t i c  s t r u c t u r e  i n  t h e  p a r t  o f  t h e  s o l u m  w i t h  h i g h  
l e v e l s  o f  N a .  C o l u m n a r  s t r u c t u r e  o r  t h e  s t r u c t u r e l e s s  
m a s s i v e  c o n d i t i o n  t y p i c a l  o f  ma n y  s u c h  s i l s  ( F e h r e n b a c h e r  
e t  a l . ,  1 9 0 3 ;  H i l g a r d ,  1 9 0 6 ;  K e l l e y ,  1 9 3 4 ;  K e l l o g g ,  1 9 3 4 ;  
S o i l  S a l i n i t y  S t a f f ,  1 9 5 4 ;  a n d  S o i l  S u r v e y  S t a f f ,  1 9 7 5 )  i n  
o t h e r  a r e a s  i s  r a r e l y  o '  s e r v e d  i n  t h o s e  i n  L o u i s i a n a .
T h e  e x i s t i n g  i n f o r m a t i o n  i n d i c a t e s  t h a t  i n  l o w e r  
h o r i z o n s  t h e  Na s a t u r a t i o n  r e m a i n s  h i g h  o r  may  i n c r e a s e  
c o n t i n u o u s l y  t o  s o m e  u n k n o w n  d e p t h .  T h i s  d i s t r i b u t i o n ,  a n d  
t h e  o c c u r r e n c e  o f  h i g h  Na s a t u r a t i o n s  a t  d e p t h s  o f  s e v e r a l  
f e e t  i n  s o m e  s a n d y  s o i l s ,  s u g g e s t s  t h a t  N a - b e a r i n g  m i n e r a l s  
ma y  n o t  b e  t h e  m a j o r  s o u r c e  o f  N a .  S o d i u m  e n r i c h m e n t  f r o m  
r a i n w a t e r  a n d  o r  o c e a n  s p r a y  i s  v e r y  u n l i k e l y  i n  v i e w  o f  
t h e i r  d i s t r i b u t i o n .  M i n e r a l o g i c a l  s t u d i e s  by R e h a g e  ( 1 9 7 9 )  
s h o w  t h a t  t h e s e  s o i l s  c o n t a i n  s u f f i c i e n t  q u a n t i t i e s  o f  N a -  
b e a r i n g  f e l d s p a r s  t o  p r o v i d e  l a r g e  a m o u n t s  o f  Na t h r o u g h  
w e a t h e r i n g .
MATERIALS AND METHODS
S i t e  S e l e c t i o n
P r e l i m i n a r y  f i e l d  i n v e s t i g a t i o n s  o f  t h e  s o i l - p a r e n t  
m a t e r i a l  g e o m o r p h o l o g y  r e l a t i o n s h i p s  o f  s e v e r a l  s o i l  s e r i e s  
i n  M o r e h o u s e  a n d  F r a n k l i n  p a r i s h e s  w e r e  c o n d u c t e d  i n  
c o o p e r a t i o n  w i t h  USDA- SCS s o i l  s c i e n t i s t s .  T h e  i n f o r m a t i  n 
g a t h e r e d  w a s  t h e n  u s e d  a s  a  b a s i s  f o r  s e l e c t i o n  o f  s i t e s  f o r  
d e t a i l e d  f i e l d  a n d  l a b o r a t o r y  i n v e s t i g a t i o n s .  I n  o r d e r  t o  
f a c i l i t a t e  c o m p a r i s o n s  e e n  r e g i o n s ,  p a r a m e t e r s  s u c h  a s
g e o m o r p h i c ,  p e d o g e n i c  a n d  o t h e r  e n v i r o n m e n t a l  v a r i a b l e s  w e r e  
k e p t  a s  c o n s t a n t  a s  p o s s i b l e .
A r e p r e s e n t a t i v e  t o p o g r a p h i c  s e q u e n c e  o f  s o i l s  w a s  
s e l e c t e d  i n  M o r e h o u s e  P a r i s h .  L i k e w i s e ,  a  c o m p a r a b l e  
t o p o s e q u e n c e  w a s  s e l e c t e d  i n  F r a n k l i n  P a r i s h .  E a c h  
t o p o s e q u e n c e  c o n t a i n e d  s o i l s  w i t h  h i g h ,  i n t e r m e d i a t e  a n d  l o w  
l e v e l s  o f  e x c h a n g e a b l e  Na w i t h i n  t h e  s o l u m .  T h r e e  r e p r e s e n ­
t a t i v e  s i t e s  w e r e  c h o s e n  f o r  s a m p l i n g  i n  e a c h  t o p o s e q u e n c e .  
T h e  s i t e s  w e r e  s e l e c t e d  t o  r e p r e s e n t  a  s o i l  w i t h  h i g h ,  o n e  
w i t h  i n t e r m e d i a t e  a n d  o n e  w i t h  l o w  l e v e l s  o f  e x c h a n g e a b l e  Na 
i n  e a c h  t o p o s e q u e n c e .  1 M o r e h o u s e  P a r i s h ,  t h e  B o n n  s o i l  ( a  
N a t r a q u a l f )  i s  l o c a t e d  on  a b r o a d ,  f l a t  t o  s l i g h t l y  d e p r e s -  
s i o n a l  a r e a .  T h e  G r o o m  s o i l  w i t h  a i n t e r m e d i a t e  e x c h a n g e ­
a b l e  Na l e v e l ,  o c c u p i e s  a s l i g h - l y  h i g h e r  e l e v a t i o n  t h a n  t h e
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Bonn. The Mollicy soil has relatively low exchangeable 
Na throughout and is on the highest landscape position in 
the toposequence.
I n  F r a n k l i n  P a r i s h  t h e  D e e r f o r d  s o i l  ( N a t r a q u a l f )  
o c c u p i e s  t h e  l o w e s t  p o s i t i o n  i n  t h e  t o p o s e q u e n c e .  T h e  
G i l b e r t  s o i l  w i t h  i n t e r m e d i a t e  e x c h a n g e a b l e  Na l e v e l ,  o c c u r s  
o n  f l a t  t o  s l i g h t l y  d e p r e s s i o n a l  a r e a s .  T h e  G i g g e r  s o i l  w i t h  
l o w  l e v e l s  o f  e x c h a n g e a b l e  Na t y p i c a l l y  o c c u p i e s  a h i g h e r  
p o s i t i o n  i n  t h e  l a n d s c a p e  t h a n  a s s o c i a t e d  s o i l s  w i t h  h i g h  
e x c h a n g e a b l e  Na l e v e l s .
S a m p l i n g  a n d  S a m p l e  D e s c r i p t i o n  T e c h n i q u e s
I n  b o t h  p a r i s h e s  s o i l  s a m p l e s  w e r e  c o l l e c t e d  f r o m  s a m ­
p l i n g  p i t s  t o  a  d e p t h  o f  a b o u t  2 . 5  m e t e r s .  S a m p l e s  f r o m  
g r e a t e r  d e p t h s  w e r e  e x t r a c t e d  u s i n g  a  t r u c k - m o u n t e d  h y ­
d r a u l i c  s o i l  s a m p l i n g  p r o b e .  A d e t a i l e d  d e s c r i p t i o n  o f  e a c h  
s o i l  w a s  w r i t t e n  a t  t h e  s i t e  w h e n  t h e  s o i l s  w e r e  s a m p l e d .  
M u n s e l l  s o i l  c o l o r  c h a r t s  w e r e  u s e d  t o  d e s c r i b e  t h e  m o i s t  
s o i l  c o l o r s .  T h e  s o i l  t e x t u r e  c l a s s e s  w e r e  e s t i m a t e d  a t  
s a m p l i n g  t i m e  a n d  l a t e r  a l t e r e d ,  i f  n e c e s s a r y ,  t o  c o r r e s p o n d  
t o  l a b o r a t o r y  d e t e r m i n a t i o n s .  H o r i z o n s  g r e a t e r  t h a n  25  cm 
t h i c k  w e r e  s u b d i v i d e d  i n t o  a p p r o x i m a t e l y  e q u a l  s e g m e n t s  up  
t o  25  cm i n  t h i c k n e s s  f o r  s a m p l i n g  p u r p o s e s .  F o r  e x a m p l e  
t h e  B t 2  h o r i z o n  o f  t h e  B o n n  s o i l  ( 7 1  t o  1 0 2  c m)  w a s  s u b ­
d i v i d e d  i n t o  t w o  s u b s a m p l e s  ( 7 1  t o  84  cm a n d  8 4  t o  1 0 2  c m ) .  
T h e  i n d i v i d u a l  s a m p l e s  w e r e  p l a c e d  i n  p l a s t i c  b a g s ,  l a b e l l e d  
a n d  s e a l e d  f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .
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L a b o r a t o r y  P r o c e d u r e s
S o i l  S a m p l e  P r e p a r a t i o n s
B u l k  s a m p l e s  c o l l e c t e d  i n  t h e  f i e l d  w e r e  a i r  d r i e d  i n  
t h e  l a b o r a t o r y  t h e n  s u b d i v i d e d  by  h a n d  t o  b r e a k  u p  l a r g e  
p i e c e s .  A f t e r  d r y i n g ,  e a c h  s a m p l e  w a s  c r u s h e d  l i g h t l y  w i t h  
a B r u a n  C h i p m u n k  m e c h a n i c a l  c r u s h e r  t o  p a s s  t h r o u g h  a 2 mm 
s i e v e .  S m a l l  q u a n t i t i e s  o f  i n d u r a t e d  c o a r s e  m a t e r i a l s  a n d  
e x t r a n e o u s  d e b r i s  s u c h  a s  f r a g m e n t s  o f  u n d e c o m p o s e d  o r g a n i c  
m a t t e r  w e r e  r e m o v e d  f r o m  s a m p l e s  a n d  d i s c a r d e d .  T h e  r e ­
m a i n i n g  s o i l  m a t e r i a l s  w e r e  t h o r o u g h l y  m i x e d  u s i n g  a  s a m p l e  
s p l i t t e r  a n d  t h e n  b u l k e d .  T h e  f i n e  e a r t h  ( <  2 . 0  mm) m a t e ­
r i a l s  w e r e  r e t a i n e d  f o r  l a t e r  l a b o r a t o r y  a n a l y s i s .
P a r t i c l e - S i z e  A n a l y s i s
P a r t i c l e  s i z e  a n a l y s e s  w e r e  d o n e  o n  a l l  h o r i z o n s  o 
d e t e r m i n e  t h e  s a n d ,  s i l t  a n d  c l a y  c o n t e n t  u s i n g  t h e  p i p e t  
a n d  s i e v e s  p r o c e d u r e s  o u t l i n e d  b y  Day  ( 1 9 6 5 ) .  T h e  s a m ­
p l e s  w e r e  d i s p e r s e d  w i t h  0 . 1  N s o d i u m  h e x a m e t a p h o s p h a t e  
[ ( N a P O ^ ) g ] .  P r e t r e a t m e n t  w i t h  HgOg t o  r e m o v e  o r g a n i c  m a t t e r  
w a s  o m i t t e d .  T h e  e f f e c t  o f  t h e  1 ow o r g a n i c  m a t t e r  c o n t e n t  
i n  t h e  s o i l s  o n  d i s p e r s i o n  a n d  a l y t i c a l  r e s u l t s  i s  n e g l i ­
g i b l e ,  p a r t i c u l a r l y  i n  h o r i z o n s  b e n e a t h  t h e  s u r f a c e .  T h e
p a r t i c l e  s i z e  d i s t r i b u t i o n  a n a l y s e s  w e r e  p e r f o r m e d  i n  a
o
c o n t r o l l e d  t e m p e r a t u r e  r o o m  a t  22  C.
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M i n e r a l o g i c a l  P r o c e d u r e s
C l a y  F r a c t i o n a t i o n  a n d  C o n c e n t r a t i o n
A f t e r  t h e  p a r t i c l e  s i z e  a n a l y s e s  w e r e  c o m p l e t e d ,  
s a n d ,  p l u s  c o a r s e  s i l t  ( 0 . 0 2 - 2  mm) ,  m e d i u m  a n d  f i n e  s i l t  
( 0 . 0 0 5 - 0 . 0 5 )  a n d  c l a y  ( <  0 . 0 0 2  mm) s e p a r a t e s  w e r e  i s o l a t e d  
by  s i e v i n g  a n d  r e p e a t e d  s e d i m e n t a t i o n  a n d  d e c a n t a t i o n  o f  t h e  
d i s p e r s e d  s a m p l e s .  S e d i m e n t a t i o n  f o l l o w e d  by  d e c a n t a t i o n  o f  
t h e  s u p e r n a t a n t  w a s  r e p e a t e d  u n t i l  l i t t l e  o r  no  c l a y  a p ­
p e a r e d  i n  t h e  s u p e r n a t a n t  l i q u i d  a f t e r  t h e  a p p r o p r i a t e  s e d i ­
m e n t a t i o n  t i m e .  T h e  c l a y  s u s p e n s i o n s  f r o m  e a c h  h o r i z o n
o b t a i n e d  i n  t h i s  m a n n e r  w e r e  t h e n  c o m b i n e d  a n d  m i x e d ,  t h e n  
s p l i t  e q u a l l y  i n t o  t wo p a r t s .  On e  p a r t  w a s  f l o c c u l a t e d  w i t h  
IN M g C l g  a n d  t h e  o t h e r  w i t h  IN KC1 .  E a c h  p o r t i o n  w a s  w a s h e d  
by r e p e a t e d  c e n t r i f u g a t i o n  f o l l o w e d  by r e s u s p e n s i o n  w i t h  
d e i o n i z e d  w a t e r  u n t i l  t h e  s u s p e n s i o n  r e m a i n e d  d i s p e r s e d  
a f t e r  10  m i n u t e s  o f  c e n t r i f u g a t i o n  w i t h  a S o v e l l  R e f r i g ­
e r a t e d  c e n t r i f u g e  a t  1 2 , 0 0 0  r p m .  T h e  s u p e r n a t a n t  w a s  d i s ­
c a r d e d  a n d  t h e  w e t  c l a y  s u s p e n s i o n  s t o r e d  i n  l a b e l e d  
b o t t l e s .
P r e p a r a t i o n  o f  O r i e n t e d  C l a y  f o r  X - R a y  D i f f r a c t i o n  
Analyses
T h e  c l a y  s u s p e n s i o n s  w e r e  c o n c e n t r a t e d  t o  t h e  d e s i r e d
c o n s i s t e n c y  by a l l o w i n g  t h e  w a t e r  t o  e v a p o r a t e  f r o m  t h e  
u n c a p p e d  b o t t l e s  i f  n e c e s s a r y .  T h e  t i m e  p e r i o d  r e q u i r e d  f o r  
e v a p o r a t i o n  v a r i e d  f r o m  s a m p l e  t o  s a m p l e  r a n g i n g  f r o m  o n e  t o
^7
s e v e r a l  w e e k s  d e p e n d i n g  o n  t h e  i n i t i a l  c l a y  t o  w a t e r  r a t i o
o f  t h e  s u s p e n s i o n .
O r i e n t e d  s a m p l e s  w e r e  p r e p a r e d  by  p l a t i n g  o n e  s i d e  o f  a
c l e a n  g l a s s  s l i d e  w i t h  t h e  c l a y  s u s p e n s i o n  a n d  a l l o w i n g  t o
d r y  a t  r o o m  t e m p e r a t u r e .  T h e  s a n d  a n d  s i l t  f r a c t i o n s  w e r e  
o
d r i e d  a t  9 0  C a n d  s t o r e d  i n  p l a s t i c  v i a l s  f o r  f u r t h e r  
a n a l y s e s .
C l a y  M i n e r a l o g y
D i f f r a c t o g r a m s  w e r e  m a d e  o f  t h e  o r i e n t e d  c l a y  s a m p l e s
a t  r o o m  t e m p e r a t u r e  a n d  h u m i d i t y  u s i n g  a  CuKa  s o u r c e  a n d  t h e
o
P h i l i p s - N o r e l c o  v e r t i c a l  g o n i o m e t e r  a t  s c a n n i n g  s p e e d  o f  2
p e r  m i n u t e  a n d  c h a r t  s p e e d  o f  3 0  i n c h e s  p e r  h o u r .
D i f f r a c t i o n  p a t t e r n s  o f  t h e  a i r  d r y  Mg-  a n d  K - t r e a t e d
s l i d e s  w e r e  m a d e  f i r s t .  N e x t ,  t h e  M g - t r e a t e d  c l a y  s l i d e s
w e r e  g l y c o l a t e d  by  p l a c e m e n t  i n  s a t u r a t e d  e t h y l e n e  g l y c o l  
o
v a p o r  a t  8 0  C o v e r n i g h t  a n d  d i f f r a c t o g r a m s  w e r e  a g a i n  m a d e .
D i f f r a c t o g r a m s  w e r e  m a d e  o f  t h e  K - s a t u r a t e d  c l a y  s l i d e s
o
a f t e r  h e a t i n g  t o  3 0 0  C ,  f o r  t w o  h o u r s  a n d  a g a i n  a f t e r  h e a t -  
o
i n g  t o  5 5 0  C f o r  a  m i n i m u m  p e r i o d  o f  4 h o u r s  i n  a  m u f f l e  
f u r n a c e .
M i n e r a l  I d e n t i f i c a t i o n
Q u a r t z  w a s  i d e n t i f i e d  b a s e d  o n  t w o  c h a r a c t e r i s t i c  p e a k s  
o o
a t  4 . 2 6  a n d  3 . 3 4 A .  T h e  3 . 3 4 A  p e a k  a l o n e  c a n n o t  be  u s e d  t o  
i d e n t i f y  q u a r t z  b e c a u s e  i t  may o v e r l a p  p a r t i a l l y  w i t h  t h e  
t h i r d  o r d e r  p e a k  o f  t h e  m i c a c e o u s  m i n e r a l s .  To f a c i l i t a t e
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i d e n t i f i c a t i o n ,  a p u r e  A l p h a  q u a r t z  s l i d e  d i f f r a c t o g r a m  w a s
m a d e  a n d  c o m p a r e d  w i t h  t h e  s o i l  d i f f r a c t o g r a m s  t o  i d e n t i f y
t h e  q u a r t z  p e a k s .
T h e  f e l d s p a r  m i n e r a l s  w e r e  i d e n t i f i e d  o n  t h e  b a s i s  o f
O
c h a r a c t e r i s t i c s  p e a k  s p a c i n g  b e t w e e n  3 . 1 9  a n d  3 . 2 5 A .
K a o l i n i t e  w a s  i d e n t i f i e d  o n  t h e  b a s i s  o f  a f i r s t  o r d e r
o  0
p e a k  r a n g i n g  f r o m  7 . 1  t o  7 . 2 A  a n d  a 3 . 5 A  s e c o n d  o r d e r  p e a k
t h a t  s h o w e d  l i t t l e  o r  n o  v a r i a t i o n  w i t h  o t h e r  t r e a t m e n t s ,
o
b u t  w e r e  d e s t r o y e d  w h e n  h e a t e d  t o  5 5 0  C f o r  4 h o u r s .
T h e  m i c a c e o u s  c l a y  m i n e r a l s  w e r e  i d e n t i f i e d  on  t h e
b a s i s  o f  t h e i r  c h a r a c t e r i s t i c  s p a c i n g  a t  a p p r o x i m a t e l y  1 0 . 0 , 
o
5 . 0  a n d  3 . 3 A  t h a t  p e r s i s t e d  t h r o u g h  a l l  t r e a t m e n t s .
M i n e r a l s  o f  t h e  s m e c t i t e  g r o u p  w e r e  i d e n t i f i e d  by t h e
o
f i r s t  o r d e r  p e a k  a t  a p p r o x i m a t e l y  14A o n  t h e  M g - s a t u r a t e d
o
s a m p l e s  t h a t  e x p a n d e d  t o  a p p r o x i m a t e l y  17A u p o n  g l y c o l a t i o n .  
Some  K - s a t u r a t e d  s l i d e  d i f f r a c t o g r a m s  s h o w e d  a  w e a k  d i f f r a c ­
t i o n  p l a t e a u  o r  a  g e n t l e  s l o p ' n g  e f f e c t  a t  t h e  l o w  a n g l e
o
s i d e  o f  10A p e a k s .  T h i s  w a s  a t t r i b u t e d  t o  i n t e r s t r a t i f i c a ­
t i o n  o f  t w o  o r  m o r e  m i n e r a l s  o r  t o  a l t e r a t i o n  p r o d u c t s  o f  
t h e  m i c a c e o u s  c l a y  m i n e r a l s .
V e r m i c u l i t e  w a s  i d e n t i f i e d  b a s e d  o n  t h e  c h a r a c t e r i s t i c
o
14A p e a k  p r e s e n t  i n  d i f f r a c t o g r a m s  o f  b o t h  t h e  a i r  d r y  a n d  
e t h y l e n e  g l y c o l a t e d  M g - s a t u r a t e d  c l a y s  b u t  n o t  p r e s e n t  i n  
d i f f r a c t o g r a m s  o f  K - s a t u r a t e d  c l a y s  r e g a r d l e s s  o f  o t h e r  
t r e a t m e n t s .  T h e  p r e s e n c e  o f  i n t e r l a y e r  c o m p o n e n t s  w e r e  
m o s t l y  i n f e r r e d  f r o m  d i f f r a c t i o n  p a t t e r n s  c h a r a c t e r i s t i c  o f
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t h e  K - s a t u r a t e d  c l a y s  f o l l o w i n g  t h e  d i f f e r e n t  t r e a t m e n t s .
O
T h e  c o n t i n u e d  e n h a n c e m e n t  i n  p e a k  s y m m e t r y  o f  t h e  10A p e a k
o o
f o l l o w i n g  t r e a t m e n t  f r o m  a i r  d r y  t o  3 0 0  C a n d  t h e  5 5 0  C h e a t  
t r e a t m e n t s  w e r e  t a k e n  a s  i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  
i n t e r l a y e r i n g . T a b l e  . p r o v i d e s  s e l e c t e d  c h a r a c t e r i s t i c  
m i n e r a l  d - s p a c i n g s  t h a t  w e r e  u s e d  t o  i d e n t i f y  t h e  m i n e r a l  
c o m p o n e n t s  p r e s e n t .  T h e  i n f o r m a t i o n  i n  T a b l e  2 w a s  t a k e n  
f r o m  c o m p i l a t i o n s  o f  c h a r a c t e r i s t i c  m i n e r a l  d - s p a c i n g s  
(Miller, 1981).
S o i l  C h e m i c a l  A n a l y s i s
S e l e c t e d  s o i l  c h e m i c a l  c h a r a c t e r i s t i c s  w e r e  d e t e r m i n e d  
on  t h e  f i n e - e a r t h  ( <  2 . 0  mm) s o i l  f r a c t i o n  p r e p a r e d  i n  t h e  
m a n n e r  a l r e a d y  d e s c r i b e d .
S o i l  R e a c t i o n
T h e  s o i l  s u s p e n s i o n  pH w a s  m e a s u r e d  w i t h  t h e  g l a s s  
e l e c t r o d e  u n d e r  t h r e e  d i f f e r e n t  c o n d i t i o n s .  T h e y  w e r e :  1 t o  
1 ( w / w )  s u s p e n s i o n  o f  s o i l  t o  d i s t i l l e d  w a t e r ;  s o i l  t o  IN
KC1;  a n d  s o i l  t o  0 . 0 1 M  C a C l  ̂ s o l u t i o n .  T h e  r e q u i r e d  a m o u n t  
o f  s o l u t i o n  w a s  a d d e d  t o  t h e  s a m p l e  a n d  t h e  m i x t u r e  s t i r r e d  
a n d  s e t  a s i d e  t o  e q u i l i b r a t e  f o r  a  p e r i o d  o f  a p p r o x i m a t e l y  
3 0  m i n u t e s .  A f t e r  a n  e q u i l i b r a t i o n  p e r i o d ,  t h e  s u s p e n s i o n  
w a s  a g a i n  s t i r r e d  a n d  t h e  pH d e t e r m i n e d  w i t h  a  c a l i b r a t e d  
S e r g e n t - W e l c h  m o d e l  PBX pH m e t e r .
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.’able 2. Treatment effect and selected characteristic
d-spacing(Angstroms) used for identification of 
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Extractable Acidity
T h e  e x t r a c t a b l e  a c i d i t y  w a s  d e t e r m i n e d  by  t i t r a t i n g  t h e  
l e a c h a t e  o b t a i n e d  by  l e a c h i n g  t h e  s o i l  s a m p l e s  w i t h  B a C l n 
t r i e t h a n o l a m i n e  ( T E A )  s o l u t i o n  b u f f e r e d  a t  pH 8 . 2  w i t h  0 . 2 N  
HC1 s o l u t i o n  ( P e e c h  e t  a l . ,  1 9 6 5 ) .
E f f e c t i v e  A c i d i t y  a n d  E x c h a n g e a b l e  A l u m i n u m
T h e  e x c h a n g e a b l e  a c i d i t y  c o n s i s t i n g  o f  e x c h a n g e a b l e  H 
a n d  A1 , w a s  d e t e r m i n e d  by  t i t r a m e t r i c  m e a s u r e m e n t s  o f  
t h o s e  c o m p o n e n t s  e x t r a c t e d  f r o m  t h e  s o i l  s a m p l e s  by  l e a c h i n g  
w i t h  IN KC1 s o l u t i o n  ( M c L e a n  e t  a l . ,  1 9 6 5 ) .  T h e  r a t i o n a l  i s  
t h a t  w h e n  u n b u f f e r e d  IN KC1 i s  u s e d  t o  r e p l a c e  t h e  e x ­
c h a n g e a b l e  Al  a n d  H f r o m  t h e  s o i l ,  i t  i s  p o s s i b l e  t o  
t i t r a t e  t h e  e x c h a n g e a b l e  a c i d i t y  u s i n g  a s t a n d a r d  b a s e  ( 0 . 1 N  
N a O H ) .  T h e  r e a c t i o n s  i n v o l v e d  a r e  g i v e n  b e l o w :
HC1 + NaOH -> H 20  + Na C l  ( 7 )
A l C l ^  + 3NaOH -----------> A 1 ( 0 H ) ^  + 3 N a C l  ( 8 )
When NaF s o l u t i o n  i s  a d u e d  t o  t h e  t i t r a t e d  s o l u t i o n ,  t h e  Al  
i n  t h e  A 1 ( 0 H ) ^  i s  c o n v e r t e d  t o  a s t a b l e  c o m p l e x  
f l o r a l u m i n a t e  i o n  a n d  NaOH.  T h e  a m o u n t  o f  Al  i s  d e t e r m i n e d  
by  t i t r a t i n g  t h e  NaOH p r o d u c e d  w i t h  a  s t a n d a r d  0 . 1 N  HC1 
s o l u t i o n .  T h e  r e a c t i o n s  i n v o l v e d  a r e  s u m m a r i z e d  a s  f o l l o w s :
Al  ( OH) -̂  + 6 NaF 
NaOH + HC1
> 3NaOH + N a ^ A l F ^
> H2 0 + Na C l
(9)
( 1 0 )
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T h u s ,  b o t h  e x c h a n g e a b l e  Al  a n d  H a r e  d e t e r m i n e d  i n  t h e  s a m e  
e x t r a c t .
T o t a l  E x c h a n g e a b l e  B a s e s
E x c h a n g e a b l e  b a s e s  ( C a ,  Mg,  K a n d  N a )  w e r e  e x t r a c t e d  
by l e a c h i n g  s o i l  s a m p l e s  w i t h  IN NH^OAc ( p H 7 . 0 )  ( C h a p m a n ,  
1 9 6 5 ) .  E l e m e n t a l  c o n c e n t r a t i o n s  i n  t h e  l e a c h a t e s  w e r e  m e a ­
s u r e d  u s i n g  a  P e r k i n - E l m e r  M o d e l  3 6 0  a t o m i c  a b s o r p t i o n  s p e c ­
t r o p h o t o m e t e r .  S t a n d a r d  r e f e r e n c e  s o l u t i o n s  w e r e  p r e p a r e d  
i n  s i m i l a r  c o n c e n t r a t i o n  o f  NH^OAc s o l u t i o n .
C a t i o n  E x c h a n g e  C a p a c i t y
T h r e e  d i f f e r e n t  c a t i o n  e x c h a n g e  c a p a c i t i e s  w e r e  
d e t e r m i n e d  f o r  e a c h  s a m p l e .
T h e  f i r s t  by  s a t u r a t i n g  t h e  s o i l  w i t h  IN NH^OAc b u f ­
f e r e d  a t  pH 7 . 0  f o l l o w e d  by  d i s p l a c e m e n t  a n d  d i s t i l l a t i o n  o f  
NH/^ s o r b e d  o n  t h e  s o i l  c o m p l e x  ( C h a p m a n ,  1 9 6 5 ) .  T h i s  y i e l d s  
t h e  NHifOAc CEC a t  pH 7 . 0 .  T h e  s e c o n d ,  t h e  e f f e c t i v e  CEC i s  
t h e  CEC a t  a p p r o x i m a t e l y  t h e  pH o f  t h e  s o i l .  T h e  e f f e c t i v e  
CEC i s  e q u a l  t o  t h e  s u m o f  t h e  b a s e s  e x t r a c t e d  by l e a c h i n g  
t h e  s o i l  w i t h  I N NH^OAc a t  pH 7 . 0 ,  p l u s  t h e  e x c h a n g e a b l e  
a c i d i t y  (H + A l )  e x t r a c t e d  w i t h  IN KC1 s o l u t i o n .  T h e  t h i r d ,  
t h e  s u m o f  c a t i o n s  CEC,  i s  o b t a i n e d  by  s u m m i n g  t h e  IN NH^OAc 
( p H 7 . 0 )  e x c h a n g e a b l e  b a s e s  a n d  e x t r a c t a b l e  a c i d i t y  o b t a i n e d  
a f t e r  l e a c h i n g  t h e  s o i l  w i t h  B a C l g - T E A  s o l u t i o n  ( p H 8 . 2 ) .
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D i t h i o n i t e - E x t r a c t a b l e  I r o n
On e  g r a m  o f  s o i l  w a s  t h o r o u g h l y  m i x e d  w i t h  1 g r a m  o f  Na ^  
S gO i n  1 0 0  ml  d i s t i l l e d  w a t e r  a n d  s h a k e n  f o r  a  p e r i o d  o f  16 
h o u r s .  T h e  pH o f  t h e  s o i l  w a t e r  m i x t u r e  w a s  t h e n  a d j u s t e d  
t o  b e t w e e n  3 . 5  a n d  4 . 0  w i t h  H C 1 , a n d  t h e  s a m p l e  r e s h a k e n  
a f t e r  w h i c h  t h e  m i x t u r e  w a s  a l l o w e d  t o  s e t t l e .  An a l i q u o t  
o f  t h e  s u p e r n a t a n t  w a s  t a k e n ,  a p p r o p r i a t e l y  d i l u t e d  a n d
a n a l y z e d  f o r  i r o n  c o n c e n t r a t i o n  u s i n g  t h e  a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t e r  ( M i l l e r ,  1 9 7 2 ) .
E x p e r i m e n t a l  D e s i g n
A t o t a l  o f  f o u r  l a b o r a t o r y  e x p e r i m e n t s  w e r e  c o n d u c t e d  
a n d  s e v e r a l  s e l e c t e d  e l e m e n t a l  c o n c e n t r a t i o n s  i n  s o i l
e x t r a c t s  w e r e  d e t e r m i n e d  i n  e a c h  e x p e r i m e n t .
S a t u r a t e d  S o i l  P a s t e  E x t r a c t  ( E x p e r i m e n t  O n e )
I n  e x p e r i m e n t  o n e  s a m p l e s  f r o m  e a c h  h o r i z o n  w e r e
e q u i l i b r a t e d  w i t h  g l a s s  d i s t i l l e d  a n d  d e i o n i z e d  w a t e r  f o r
f o u r  t o  s i x  h o u r s .  T h e s e  s a m p l e s  w e r e  a s s u m e d  t o  h a v e
r e a c h e d  t h e  a p p r o p r i a t e  c o n s i s t e n c y  w h e n  t h e y  a p p e a r e d  t o
g l i s t e n  a n d  s l i d e  o f f  c l e a n  w h e n  s c o o p e d  w i t h  a  c l e a n  d r y
s p a t u l a  ( J a c k s o n ,  1 9 5 8 ) .  I n  a d d i t i o n ,  t h e  w e i g h t  o f  s o i l
s a m p l e s  a n d  v o l u m e s  o f  l i q u i d  u s e d  w e r e  n o t e d .
One  p u r p o s e  o f  e x p e r i m e n t  o n e  w a s  t o  c o m p a r e  t h e  
r e s u l t s  o f  a n a l y s e s  f r o m  t h e  s o i l  p a s t e  e x t r a c t  t o  a n a l y s e s  
o b t a i n e d  f r o m  s o l u t i o n s  e q u i l i b r a t e d  w i t h  t h e  s a m e  s o i l  i n  a 
c l o s e d  s y s t e m .
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D u p l i c a t e  s a m p l e s  o f  a p p r o x i m a t e l y  5 0 g  o f  a i r  d r y  s o i l  
f r o m  e a c h  h o r i z o n  w e r e  w e i g h e d  a n d  p l a c e d  i n  b e a k e r s .  
A p p r o x i m a t e l y  t w o  t h i r d s  o f  t h e  e s t i m a t e d  v o l u m e t r i c  
m o i s t u r e  c o n t e n t  a t  1 / 3  a t m o s p h e r e  wa s  a d d e d  a s  g l a s s  
d i s t i l l e d  a n d  d e i o n i z e d  w a t e r  i n t r o d u c e d  a r o u n d  t h e  i n s i d e  
o f  e a c h  b e a k e r .  T h e  s a m p l e s  w e r e  t h e n  s e t  a s i d e  t o  
e q u i l i b r a t e  f o r  f o u r  t o  s i x  h o u r s .  No s a m p l e s  w e r e  a l l o w e d  
t o  r e m a i n  i n  t h e  b e a k e r  f o r  m o r e  t h a n  s i x  h o u r s  i n  o r d e r  t o  
m i n i m i z e  p o s s i b l e  m i c r o b i a l  g r o w t h .  A t  t h e  e n d  o f  t h e  
e q u i l i b r a t i o n  p e r i o d  t h e  s a m p l e s  w e r e  s t i r r e d  w i t h  a  s p a t u l a  
t o  f o r m  a h o m o g e n o u s  p a s t e .  A d d i t i o n a l  m o i s t u r e  w a s  a d d e d  
a n d  t h e  s a m p l e  r e s t i r r e d  u n t i l  t h e  s o i l  p a s t e  a p p e a r e d  t o  
g l i s t e n  a n d  w o u l d  s l i d e  o f f  c l e a n  w h e n  s c o o p e d  w i t h  a c l e a n  
d r y  s p a t u l a .  T h e  m o i s t u r e  w a s  t h e n  e x t r a c t e d  w i t h  a 
B u c h n e r  f u n n e l  e x t r a c t i o n  a p p a r a t u s .  T h e  e l e m e n t a l  c o n c e n ­
t r a t i o n  o f  s e v e r a l  c o m p o n e n t s  i n  t h e  e x t r a c t s  w e r e  t h e n  
d e t e r m i n e d  u s i n g  a n  i n d u c t i v e l y  c o u p l e d  a r g o n  p l a s m a  ( I C P )  
q u a n t o m e t e r  m o d e l  3 4 1 0 0  m a n u f a c t u r e d  by A p p l i e d  R e s e a r c h  
L a b o r a t o r y .
E q u i l i b r i a  S o l u t i o n  S t u d y  ( E x p e r i m e n t  Two )
E x p e r i m e n t  t w o  w a s  a ' c l o s e d  s y s t e m '  i n  w h i c h  s a m p l e s  
f r o m  e a c h  h o r i z o n  o f  t h e  s o i l s  w e r e  e q u i l i b r a t e d  w i t h  g l a s s  
d i s t i l l e d  a n d  d e i o n i z e d  w a t e r  f o r  a p e r i o d  o f  12 m o n t h s .  No 
a t t e m p t s  w e r e  m a d e  t o  e v a c u a t e  a i r  i n  e a c h  c o n t a i n e r  b e f o r e  
t h e y  w e r e  s e a l e d  . A"t " the  e n d  o f  t h e  e q u i l i b r a t i o n
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p e r i o d ,  t h e  s o i l s  w e r e  a s s u m e d  t o  h a v e  r e a c h e d  c h e m i c a l  
e q u i l i b r i u m .
I n  t h i s  e x p e r i m e n t  t h e  p l a n  w a s  t o  e q u i l i b r a t e  e a c h  
s a m p l e  a n d  a n a l y z e  t h e  s u p e r n a t a n t .  T h e  o b j e c t i v e  w a s  t o  
e s t a b l i s h  t h e  s t e a d y  s t a t e  e l e m e n t a l  c o n c e n t r a t i o n  o f  
s e l e c t e d  c o m p o n e n t s  i n  t h e  s u p e r n a t a n t .
D u p l i c a t e  s a m p l e s  ( 2 0 g  O . D .  w t . )  o f  a i r  d r y  s o i l  f r o m  
e a c h  h o r i z o n  w e r e  w e i g h e d  a n d  p l a c e d  i n  2 5 0  ml  c l e a n  w i d e  
m o u t h e d  p o l y e t h e l e n e  b o t t l e s .  One  h u n d r e d  m i l l i l i t e r s  o f  
g l a s s  d i s t i l l e d  a n d  d e i o n i z e d  w a t e r  w a s  a d d e d  t o  e a c h  t o  
m a k e  a  1 t o  5 s o i l  t o  w a t e r  s u s p e n s i o n .  D u r i n g  t h e  e q u i l i ­
b r a t i o n  p e r i o d ,  t h e  s a m p l e s  w e r e  s h a k e n  by  h a n d  t h r e e  t i m e s  
e a c h  w e e k  e x c e p t  f o r  t h e  l a s t  w e e k ,  d u r i n g  w h i c h  t h e y  w e r e
n o t  s h a k e n .  E q u i l i b r a t i o n  w a s  d o n e  a t  l a b o r a t o r y  r o o m  t e m -
o
p e r a t u r e  ( a p p r o x i m a t e l y  25  C ) .
An a l i q u o t  o f  t h e  c l e a r  s u p e r n a t a n t  s o l u t i o n  w a s  s a m ­
p l e d  f o r  a n a l y s i s .  I n  s a m p l e s  w h e r e  t u r b i d i t y  c o u l d  be  
d e t e c t e d  t h e  a l i q u o t  w a s  c e n t r i f u g e d  t o  r e m o v e  s u s p e n d e d  
p a r t i c u l a t e  m a t t e r .  T h e  s o l u t i o n  pH v a l u e s  ; nd EC w e r e  
i m m e d i a t e l y  d e t e r m i n e d .  T h e  s o l u t i o n  pH v a l u e s  w e r e  m e a ­
s u r e d  u s i n g  a PBX pH m e t e r ,  a n d  t h e  EC u s i n g  YSI  c o n d u c ­
t i v i t y  b r i d g e  M o d e l  31 w i t h  a  3 ml  c a p a c i t y  p i p e t  c e l l  a n d  
u n i t  c e l l  c o n s t a n t  o f  1 .  E l e m e n t a l  c o n c e n t r a t i o n s  o f  t h e  
s o l u t i o n s  w e r e  d e t e r m i n e d  a s  s o o n  a s  p o s s i b l e  u s i n g  t h e  I C P  
u n i t .
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Total Soil Digestion with H.ydroflouric Acid and 
Aqua-Regia (Experiment Three)
E x p e r i m e n t  t h r e e  i n v o l v e d  d i g e s t i n g  t h e  t o t a l  w h o l e -
s o i l  ( <  2 . 0  mm) f r a c t i o n s  w i t h  a  m i x t u r e  o f  a q u a - r e g i a  a n d
o
HF a c i d  a t  1 4 0  C f o r  t w o  h o u r s  i n  a s o i l  d i g e s t i o n  b o m b .  
T h e  p r o c e d u r e  w a s  a m o d i f i e d  v e r s i o n  o f  t h e  m e t h o d  o u t l i n e d  
by  B e r n a s  ( 1 9 6 8 ) .
T h e  o b j e c t i v e  o f  t h i s  e x p e r i m e n t  w a s  t o  d e t e r m i n e  t h e  
t o t a l  e l e m e n t a l  c o n c e n t r a t i o n  o f  s e l e c t e d  e l e m e n t s  i n  t h e  
s o i l s .
A p p r o x i m a t e l y , O . l O O O g  o f  s o i l  s a m p l e  w a s  w e i g h e d  i n
d u p l i c a t e  f r o m  e a c h  h o r i z o n .  T h e  s a m p l e s  w e r e  p l a c e d  i n
t e f l o n  c o n t a i n e r s  e n c a s e d  i n  s t a i n l e s s  s t e e l  d i g e s t i o n
b o m b s .  T h e  s a m p l e s  w e r e  b r o u g h t  i n t o  s o l u t i o n  by a d d i n g  0 . 5
ml  o f  a q u a - r e g i a  a n d  3 . 0  ml  o f  HF a c i d .  T h e  s a m p l e s  w e r e
o
s e a l e d  a n d  d i g e s t e d  i n  a n  o v e n  a t  " 4 0  C f o r  a p e r i o d  o f  2 
h o u r s .
T h e  a q u a - r e g i a  w a s  a d d e d  d r o p w i s e  a r o u n d  t h e  c o n t a i n e r  
w a l l  f o l l o w e d  by  a d d i t i o n  o f  t h e  HF a c i d .  To  e n s u r e  t h a t  
a l l  t h e  s a m p l e  w a s  c o v e r e d  w i t h  a c i d ,  t h e  c o n t a i n e r  w a s  
s l o w l y  r o t a t e d  a n d  t h e  c o n t e n t s  s w i r l e d .  T h e  c o n t a i n e r  w a s  
t h e n  c l o s e d  w i t h  t e f l o n  l i d s  a n d  t h e  bomb h a n d  t i g h t e n e d  
b e f o r e  t h e  s a m p l e  w a s  d i g e s t e d .  T h e  d i g e s t e d  s a m p l e s  w e r e  
a i r  c o o l e d  f o r  a p p r o x i m a t e l y  2 h o u r s  a n d  t h e  c o n t e n t s  t r a n s ­
f e r r e d  q u a n t i t a t i v e l y  t o  a 5 0  ml  v o l u m e t r i c  f l a s k  by r e ­
p e a t e d l y  w a s h i n g  t h e  c o n t a i n e r  w i t h  a  s a t u r a t e d  b o r i c  a c i d
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s o l u t i o n .  T h i s  s o l u t i o n  w a s  t h e n  b r o u g h t  t o  a  k n o w n  v o l u m e  
w i t h  a d d i t i o n a l  b o r i c  a c i d  s o l u t i o n .
P l a s t i c  v o l u m e t r i c  f l a s k s  a n d  s a m p l e  c o n t a i n e r s  w e r e  
u s e d  i n  t h i s  e x p e r i m e n t .  E l e m e n t a l  c o n c e n t r a t i o n  o f  t h e  
s o l u t i o n s  w e r e  d e t e r m i n e d  u s i n g  t h e  I C P .
S e q u e n t i a l  L e a c h i n g  E x p e r i m e n t  ( E x p e r i m e n t  F o u r )
E x p e r i m e n t  f o u r  w a s  a  s e q u e n t i a l  l e a c h i n g  e x p e r i m e n t  
p e r f o r m e d  u s i n g  a  m e c h a n i c a l  e x t r a c t o r .  F o u r  d i f f e r e n t  
s t r e n g t h s  o f  g y p s u m  ( C a S C y * 2 H 20 )  l e a c h i n g  s o l u t i o n  ( T )  w e r e  
u s e d  :
Treatment 1 (Tl) = 0.000N CaSOy2H20 = 0.0 Mg/ha CaSOy 2H20
Treatment 2 (T2) = 0.007N CaSOy2H£0 =2.7 Mg/ha CaSOy2H20
Treatment 3 (T3) = 0.014N CaSOy2H20 = 5 . 4  Mg/ha CaSOy2H20
Treatment 4 ( T4) = 0.028N CaSOy2H20 =10.8 Mg/ha CaSOy2H20
S u b s a m p l e s  o f  e a c h  s o i l  t o  a  d e p t h  o f  1 5 0  cm w e r e  
s e q u e n t i a l l y  l e a c h e d  w i t h  1 5 0  ml  o f  l e a c h i n g  s o l u t i o n  
i n d i v i d u a l l y  u s i n g  1 t o  2 t o t a l  s o i l  t o  s o l u t i o n  r a t i o .  I n  
t h i s  s e q u e n t i a l  l e a c h i n g  p r o c e s s ,  t h e  i n i t i a l  l e a c h i n g  s o l u ­
t i o n s  w e r e  s e p a r a t e l y  i n t r o d u c e d  o n l y  t o  t h e  s u r f a c e  h o r i z o n  
o f  e a c h  s o i l .  T h e r e f o r e ,  o n l y  t h e  u p p e r m o s t  h o r i z o n s  r e ­
c e i v e d  t h e  o r i g i n a l  s t r e n g t h  l e a c h i n g  s o l u t i o n .  E a c h  s u b s e ­
q u e n t  h o r i z o n  w a s  l e a c h e d  o n l y  w i t h  s o l u t i o n  e x t r a c t e d  f r o m  
t h e  a d j a c e n t  o v e r l y i n g  h o r i z o n .
T h e  e x p e r i m e n t  w a s  d e s i g n e d  t o  e v a l u a t e  t h e  e f f e c t s  o f  
f o u r  l e v e l s  o f  C a S 0 y 2 H 2 0 l e a c h i n g  s o l u t i o n s  on  t h e  l e a c h a t e
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c o m p o s i t i o n  a n d  o n  t h e  c o m p o s i t  i o n  o f  t h e  s e q u e n c e  o f  s o i l  
h o r i z o n s  t h r o u g h  w h i c h  t h e  l e a c h i n g  s o l u t i o n s  w e r e  p a s s e d .
T h e  e x p e r i m e n t  w a s  c a r r i e d  o u t  u s i n g  a  m e c h a n i c a l  
e x t r a c t o r  d e v e l o p e d  by  t h e  C o n c e p t  E n g i n e e r i n g  C o m p a n y ,  
L i n c o l n ,  N e b r a s k a .  I t  c o n s i s t s  o f  t h r e e  6 0  ml  s y r i n g e s  s e t  
u p  i n  t i e r s ,  w i t h  t h e  u p p e r m o s t  s y r i n g e s  a c t i n g  a s  r e s e r ­
v o i r s  t o  c o n t a i n  t h e  l e a c h i n g  s o l u t i o n s ,  t h e  m i d d l e  s y r i n g e s  
a r e  t h e  s a m p l e  h o l d e r s  a n d  t h e  b o t t o m  s y r i n g e s  h a v e  p l u n g e r s  
i n s e r t e d  i n t o  t h e m .  T h e  m i d d l e  a n d  l o w e r  s y r i n g e s  a r e  
c o n n e c t e d  w i t h  a s h o r t  p i e c e  o f  r u b b e r  t u b i n g  a n d  a r e  h e l d  
i n  p l a c e  i n  t h e  p r e c u t  s l o t s  i n  t h e  p l a t e s  b e t w e e n  t h e  t o p  
a n d  m i d d l e  p l a t e .
T h e  u p p e r m o s t  s y r i n g e s  h a v e  r u b b e r  c u p s  a t t a c h e d  a t  t h e  
t i p s  a n d  a r e  c o n n e c t e d  t o  t h e  m i d d l e  s y r i n g e s  by p u s h i n g  
t h e m  o n t o  t h e  m o u t h  o f  t h e  m i d d l e  s y r i n g e s .  T h e  p l u n g e r s  
a r e  h e l d  s t a t i o n a r y  by  t h e  f i x e d  b o t t o m  p l a t e  s u c h  t h a t  wh e n  
t h e  d r i v e  m o t o r  i s  e n g a g e d ,  t h e  a s s e m b l y  s e p a r a t e s  f r o m  t h e  
p l u n g e r s .  T h a t  i s ,  t h e  p l u n g e r s  mo v e  o u t  a n d  c r e a t e  a 
s u c t i o n  w h i c h  i s  t r a n s m i t t e d  t h r o u g h  t h e  c o n n e c t i n g  t u b e  t o  
t h e  s o i l  s a m p l e  w h i c h ,  i n  t u r n ,  d r a w s  t h e  s o l u t i o n  f r o m  t h e  
r e s e r v o i r  t o  r e d u c e  t h e  d r o p  i n  p r e s s u r e  c r e a t e d  i n  t h e  
b o t t o m  s y r i n g e s .
D u p l i c a t e  s a m p l e s  o f  a i r  d r y  s o i l  f r o m  e a c h  h o r i z o n  
w e r e  w e i g h e d  i n t o  p l a s t i c  c u p s  a t  a c o n s t a n t  r a t i o  o f  1 t o  2 
s o i l  w e i g h t  i n  g r a m s  t o  h o r i z o n  t h i c k n e s s  i n  c e n t i m e t e r .  
T h e  w e i g h t  o f  e a c h  s a m p l e  w a s  p r e d e t e r m i n e d  by t h e  h o r i z o n  
t h i c k n e s s  e s t a b l i s h e d  a t  t h e  t i m e  o f  s a m p l i n g .
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To f a c i l i t a t e  l e a c h i n g ,  c e l i t e  ( w a s h e d  e l e v e n  t i m e s  
w i t h  d i s t i l l e d  w a t e r  a t  a  1 t o  30  r a t i o ,  c e l i t e  t o  w a t e r )  
w a s  a d d e d  t o  t h e  s o i l  s a m p l e  a t  a  c o n s t a n t  r a t i o  o f  1 t o  5 
c e l i t e  t o  s o i l  by  w e i g h t .  P r e l i m i n a r y  t r i a l s  i n d i c a t e d  t h a t  
s o m e  s a m p l e s  g r e a t e r  o r  e q u a l  t o  l Og  w e r e  i m p o s s i b l e  t o  
l e a c h  w i t h  t h e  a p p a r a t u s  u s e d  i n  t h e  e x p e r i m e n t .  C o n s e ­
q u e n t l y ,  h o r i z o n s  g r e a t e r  t h a n  o r  e q u a l  t o  25  cm t h i c k  w e r e  
d i v i d e d  i n t o  s u b s a m p l e s  b e f o r e  l e a c h i n g .  E a c h  s o i l  r e c e i v e d  
a  t o t a l  o f  f o u r  d i f f e r e n t  t r e a t m e n t s .  S a m p l e s  f r o m  t h e  
u p p e r m o s t  h o r i z o n  o f  e a c h  p r o f i l e  i n d i v i d u a l l y  r e c e i v e d  a 
t o t a l  o f  1 5 0  ml  o f  t h e  o r i g i n a l  l e a c h i n g  s o l u t i o n  s e p a r a t e ­
l y .  S u b s e q u e n t  l o w e r  h o r i z o n  s a m p l e s  w e r e  i n d i v i d u a l l y  
l e a c h e d  w i t h  s o l u t i o n  e x t r a c t e d  f r o m  t h e  i m m e d i a t e l y  o v e r -  
l y i n g  h o r i z o n .  I n  t h i s  m a n n e r ,  e a c h  s o i l  p r o f i l e  w a s  
l e a c h e d  t o  a  d e p t h  o f  1 5 0  cm w i t h  a  t o t a l  o f  1 5 0  ml  o f  
l i q u i d  t o  g i v e  a  1 t o  2 s o i l  t o  l i q u i d  r a t i o .
T h e  s a m p l e  s y r i n g e s  w e r e  l i n e d  w i t h  f o u r  d i s c s  o f  
W a t m a n  N o .  4 2  f i l t e r  p a p e r .  On e  d i s c  w a s  p l a c e d  a t  t h e  
b o t t o m  o f  t h e  s y r i n g e  f o l l o w e d  by  a  h e a v y  g a u g e  p e r f o r a t e d  
p l a s t i c  d i s c  a n d  t w o  a d d i t i o n a l  d i s c s  o f  f i l t e r  p a p e r  o n  t o p  
o f  t h e  p l a s t i c  d i s c .  T h e  s o i l  s a m p l e s  w e r e  t h o r o u g h l y  m i x e d  
a n d  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  t h e  s y r i n g e s .  E a c h  w a s  
p a c k e d  by  g r a v i t y  f a l l  a n d  a s s u m e d  t o  h a v e  5 0  p e r c e n t  
p o r o s i t y .
To a v o i d  s p l a s h i n g  o f  l e a c h i n g  s o l u t i o n s  d r i p p i n g  o n t o  
t h e  s o i l  s u r f a c e ,  t h e  f o u r t h  f i l t e r  p a p e r  d i s c  w a s  i n s e r t e d
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a n d  g e n t l y  p u s h e d  d o wn  w i t h  a  t a m p  j u s t  r e s t i n g  o n  t h e  
s u r f a c e  o f  t h e  s o i l  s a m p l e .  As  i t  s w e e p s  do wn  d u r i n g  t h e  
i n s e r t i o n  p r o c e s s ,  t h i s  a d d i t i o n a l  f i l t e r  p a p e r  d i s c  a l s o  
s e r v e d  t o  c l e a n  a n y  s o i l  p a r t i c l e s  a d h e r i n g  t o  t h e  i n s i d e  
o f  t h e  s y r i n g e s .
T h e  l e a c h i n g  s o l u t i o n s  w e r e  d i v i d e d  i n t o  t h r e e  p a r t s .  
A f i r s t  a n d  l a s t  l e a c h i n g  v o l u m e  w a s  m e a s u r e d ,  e a c h  
e q u i v a l e n t  t o  f o u r  p o r e  v o l u m e s  o f  t h e  p a r t i c u l a r  h o r i z o n  i n  
q u e s t i o n .  T h e  r e m a i n i n g  v o l u m e  o f  l e a c h i n g  l i q u i d  w a s  
d i s t r i b u t e d  i n t o  i n t e r m e d i a t e  r u n s  u s i n g  t h e  m a x i mu m  v o l u m e  
p o s s i b l e  t o  m i n i m i z e  t h e  t o t a l  n u m b e r  o f  r u n s  p e r  h o r i z o n  
( F i g u r e  1 ) .  T a b l e  3 i l l u s t r a t e s  t h e  l e a c h i n g  r o u t e ,  n u m b e r  
o f  e x t r a c t i o n s  a n d  t o t a l  v o l u m e  o f  e x t r a c t  t h a t  p a s s e d  
t h r o u g h  e a c h  h o r i z o n  f o r  e a c h  s o i l  u s e d  i n  t h e  e x p e r i m e n t s .  
T h e  s o l u t i o n  t h a t  p a s s e d  t h r o u g h  e a c h  s o i l  h o r i z o n  w a s  
a n a l y z e d  f o r  s e l e c t e d  c a t i o n s  a n d  a n i o n s ,  a n d  t h e  pH a n d  EC 
w e r e  m e a s u r e d .  A t o t a l  o f  9 ml  o f  l e a c h a t e  w e r e  s a m p l e d  p e r  
h o r i z o n  f o r  a n a l y s i s .  T h r e e  m i l l i l i t e r s  o f  l e a c h a t e  w e r e  
s a m p l e d  f r o m  e a c h  o f  t h e  f i r s t  f o u r  p o r e  v o l u m e s ,  t h e  i n t e r ­
m e d i a t e  p o r e  v o l u m e s  a n d  t h e  l a s t  f o u r  p o r e  v o l u m e s .  T h e  
pH a n d  EC w e r e  d e t e r m i n e d  a f t e r  a l i q u o t s  h a d  b e e n  s a m p l e d  t o  
a v o i d  c o n t a m i n a t i o n .  T h e  pH o f  t h e  l e a c h a t e s  w e r e  d e t e r ­
m i n e d  u s i n g  a  PBX pH m e t e r  a n d  EC u s i n g  YSI  c o n d u c t i v i t y  
b r i d g e  M o d e l  3 1 .  C o n c e n t r a t i o n s  o f  a  n u m b e r  o f  e l e m e n t s  i n  
t h e  l e a c h a t e s  w e r e  e s t i m a t e d  u s i n g  t h e  I C P  u n i t .
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Figure 1. Flow chart showing sequential leaching route.
...cr.
1 = first four pore
reservoir 
1 5 0  ml
volumes
2 = intermediate pore
volumes












Table 3- Leaching route, and calculated number of extractions and volumes of solution 
added to individual horizons of six soils.
Bonn Soil
Sample Depth 0 - 1 0 10-24 24-38 38-54 54-71 71-84 84-102 1 0 2 - 1 2 2 122-142 142-150
( cm)
Volume Added 1 5 0 138.5 126 113.5 1 0 0 . 5 87.25 75.0 61.5 4 7.5 33-5(ml)
No. of 1 1 1 1 1 1 1 1 1 1
Extractions 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 34
5
4 4- 4 4 4
Groom Soil
Sample Depth 0 - 8 8 - 3 0 30-44 44-58 5 8 - 8 0 8 0 - 1 0 2 102-114 114-127 127-140 140-150
(cm)
Volume Added 150 138.5 124.0 111.5 99.0 84.5 7 0 . 0 5 8 . 0 ^5-75 33.50(ml)
No. of 1 1 1 1 1 1 1 1 1 1
Extractions 2 2 2 2 2 2 2 2 2 2






Sample Depth 0 - 1 3 13-36 3 6 - 5 1 5 1 - 6 6 6 6 - 8 6 8 6 - 1 0 1 1 0 1 - 1 1 7 117-137 1 3 7 - 1 5 0( cm)
Volume Added 1 5 0 137.75 1 2 3 1 1 0 . 2 5 97.5 83.5 70.75 57.75 ^3.75
(ml)
No. of 1 1 1 1 1 1 1 1 1
Extractions 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 34 4 4 4 4
5
Deerford Soil
Sample Depth 0 - 2 3 2 3 - 3 8 38-53 53-76 76-97 97-119 119-133 1 3 3 - 1 4 7 147-150
( cm)
Volume Added 1 5 0 135.25 1 2 2 . 5 109.75 95 75.75 6 1 . 2 5 4 9 . 2 5 37.25
(ml)
No. of 1 1 1 1 1 1 1 1 1 '
Extractions 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 34 4 4 4 4
Table 3 . (continued)
Gilbert Soil
Sample Depth 0 - 1 5 15-30 30-4-6 4-6-66 66-84- 84— 102 102-121 121-14-0 14-0-150
(cm)
Volume Added 1 5 0 1 3 7 . 2 5 124-.5 111.5 97.5 84- 70.5 5 6 . 7 5 4-3(ml)
No. of 1 1 1 1 1 1 1 1 1
Extractions 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 34
5
4 4 4- 4-
Gigger Soil
Sample Depth 0 - 1 3 1 3 - 2 8 28-4-3 4-3-57 57-71 7 1 - 8 6 8 6 - 1 0 2 1 0 2 - 1 2 1 121-14-0 14-0-15̂
( cm)
Volume Added 1 5 0 137.75 1 2 5 1 1 2 . 2 5 99.75 87.25 74-. 5 61.5 47-75 34(ml)
No. of 1 1 1 1 1 1 1 1 1 1
Extractions 2 2 2 2 2 2 2 2 2 2





D a t a  A n a l y s i s
A c t i v i t y  a n d  C o n c e n t r a t i o n
By d e f i n i t i o n  ( B o h n ,  e t  a l . ,  1 9 7 9 )  t h e  i o n i c  s t r e n g t h  
( I )  o f  a  s o l u t i o n  c a n  b e  c a l c u l a t e d  u s i n g  t h e  f o r m u l a :
I  -  1 / 2 2 0 ^ ?  ( 1 1 )
w h e r e  I  = t h e  i o n i c  s t r e n g t h  o f  s o l u t i o n  i n  m o l e s / l i t e r
= i s  t h e  i t h  i o n  c o n c e n t r a t i o n  i n  m o l e s / l i t e r
= i s  t h e  i t h  i o n s  v a l a n c e
2 -  i n d i c a t e s  t h e  p r o d u c t  o f  e a c h  i o n  a n d  i t s  v a l a n c y  
s q u a r e d  i s  s u m e d  o v e r  a l l  i o n s  i n  s o l u t i o n
T h i s  e q u a t i o n  i s  u s e f u l  o n l y  i f  i n d i v i d u a l  i o n i c  s p e c i e s  
c o n c e n t r a t i o n  i s  k n o w n .  I n  t h i s  e x p e r i m e n t  t h e  i n d i r e c t  
m e t h o d  o f  e s t i m a t i n g  t h e  i o n i c  s t r e n g t h  by  m e a s u r i n g  t h e  
EC w a s  u s e d  ( G r i f f i n  a n d  J u r i n a k ,  1 9 7 3 ) ,  b e c a u s e  t h e  c o m ­
p l e t e  s o i l  s o l u t i o n  c o m p o s i t i o n  w a s  n o t  k n o w n .  T h a t  i o n i c  
s t r e n g t h  r e l a t i o n s h i p  i s :
I  = 0 . 0 1 3  EC w h e r e  ( 1 2 )
I  = i o n i c  s t r e n g t h  o f  s o l u t i o n  i n  m o l e s / l i t e r
EC = e l e c t r i c a l  c o n d u c t i v i t y  e x p r e s s e d  i n  dSm 
a t  2 5 ° C .
N o r m a l l y ,  t h e  D e b y e - H u c k e l  e q u a t i o n  i s  u s e d  t o  
c a l c u l a t e  t h e  s i n g l e  i o n  a c t i v i t y  c o e f f i c i e n t  o f  i n t e r e s t .
66
U s i n g  t h e  e s t i m a t e d  i o n i c  s t r e n g t h  f r o m  EG,  t h e  a c t i v i t y
c o e f f i c i e n t s  ( 7 ) o f  s e l e c t e d  i o n s  i n  s o l u t i o n  w e r e  c a l c u ­
l a t e d  u s i n g  t h e  e x t e n d e d  e q u a t i o n :
2 1 / 2  
A Z . ( I )
' l0g,Y = l \  B„ ( I ) l / Z  (13>a.1
w h e r e :
A a n d  B a r e  t e m p e r a t u r e  d e p e n d e n t  c o n s t a n t s  o f  0 . 5 0 9
o 0
a n d  0 . 3 2 8  X 10  f o r  w a t e r  a t  25  C r e s p e c t i v e l y , Z i s  t h e  
i o n i c  v a l a n c e  a n d  a  t h e  e f f e c t i v e  d i s t a n c e  o f  c l o s e s t  
a p p r o a c h  w h i c h  r o u g h t l y  e q u a l s  t h e  e f f e c t i v e  s i z e  o f  t h e  
h y d r a t e d  i o n s .  T h e  A,  B a n d  v a l u e s  a v a i l a b l e  f r o m  l i t ­
e r a t u r e  a r e  g i v e n  i n  T a b l e  4 .  O n c e  t h e  a c t i v i t y  c o e f f i ­
c i e n t s  a r e  k n o w n ,  t h e  a c t i v i t i e s  o f  i o n  c o n s t i t u e n t s  i n  t h e  
s o i l  s o l u t i o n  c a n  b e  d e t e r m i n e d  u s i n g  t h e  e q u a t i o n :
a . =  Y . c .  ( l i , )
w h e r e  = t h e  a c t i v i t y  o f  i t h  i o n ,
= t h e  a c t i v i t y  c o e f f i c i e n t  o f  i t h  i o n ,  a n d  
c  ^  ss t h e  c o n c e n t r a t i o n  o f  i t h  i o n  i n  m o l e s / l i t e r
Two s e p a r a t e  a p p r o a c h e s  w e r e  u s e d  t o  e x p l o i t  t h e  
u s e f u l n e s s  o f  t h e  d a t a  g a t h e r e d .  F i r s t ,  r e g r e s s i o n  a n a l y s e s  
w e r e  d o n e  u s i n g  a c t i v i t y  v a l u e s  o f  e l e m e n t s  i n  t h e  l e a c h a t e  
a f t e r  s u c c e s s i v e  l e a c h i n g  o f  e a c h  h o r i z o n  w i t h  f o u r  p o r e  
v o l u m e s  o f  l e a c h i n g  s o l u t i o n .  N e x t ,  a c t i v i t y  v a l u e s
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Table 4. Selected constant parameter values for 
a. used in the extended Debye-Huckel 
equation (Chemical Equilibria in Soils, 
W. L. Lindsay, 1979).
1 0 8 a .
1
Ions
Inorganic ions (charge 1)
9 H+
4-4 . 5  
3
Na+, HC03", HS03"
K+, Cl”, N02“ & N03"










Inorganic ions (charge 3)
9 Al8+ & Fe3+
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m e a s u r e d  i n  t h e  i n t e r m e d i a t e  v o l u m e  o f  l e a c h a t e  w e r e  u s e d  
f o l l o w e d  by  a c t i v i t y  v a l u e s  o b t a i n e d  i n  t h e  l a s t  f o u r  p o r e  
v o l u m e s  o f  l e a c h a t e .  I n  e a c h  s t e p ,  o r t h o g o n a l  c o m p a r i s o n s  
w e r e  m a d e  t o  i d e n t i f y  t h e  s o u r c e s  o f  s i g n i f i c a n t  
d i f f e r e n c e s .  C o m p a r i s o n s ,  b o t h  a m o n g  a n d  w i t h i n
t o p o s e q u e n c e s , s o i l s  a n d  a p p l i e d  t r e a t m e n t s  c o n s t i t u t e d  
f u r t h e r  a n a l y s e s  t o  c o n f i r m  o b s e r v e d  a p p a r e n t  d i f f e r e n c e s .
T h e s e  a n a l y s e s  w e r e  t h e n  r e p e a t e d  u s i n g  c o n c e n t r a t i o n  
r a t h e r  t h a n  a c t i v i t y  v a l u e s  t o  d e t e r m i n e  i f  i t  w o u l d  r e s u l t  
i n  t h e  s a m e  c o n c l u s i o n s  a s  t h e  r e s u l t s  o b t a i n e d  f r o m  a n a l ­
y s e s  u s i n g  a c t i v i t y  v a l u e s .  T h i s  c o m p a r i s o n  w a s  d o n e  b e ­
c a u s e  a n a l y s e s  u s i n g  c o n c e n t r a t i o n  v a l u e s  may h a v e  e m b e d d e d  
e r r o r ,  s i n c e  i t  i s  a c t i v i t y  r a t h e r  t h a n  c o n c e n t r a t i o n  o f  
e l e m e n t s  t h a t  p r i m a r i l y  g o v e r n  t h e  c h e m i c a l  r e a c t i o n s  i n  
s o i l s .
Clay mineral data in Tables 8 through 10 and soil physical 
and chemical characterization data in Tables 42 through 44 
for the Deerford, Gilbert and Gigger soils in the discussion 
chapter are data generated by Miss B. J. Fleming in research 
done toward her Masters degree in Agronomy at Louisiana 
State University. She is now completing requirements for 
that degree.
RESULTS AND DISCUSSIONS
T h e  d i s c u s s i o n  o f  t h e  r e s u l t s  o b t a i n e d  f r o m  t h i s  s t u d y  
i s  d i v i d e d  i n t o  s i x  m a i n  c a t e g o r i e s  on  t h e  b a s i s  o f  t h e  
n a t u r e  o f  d i f f e r e n t  p h a s e s  o f  t h e  r e s e a r c h .  I n  t h e  o r d e r  i n  
w h i c h  t h e y  a r e  d i s c u s s e d  t h e s e  c a t e g o r i e s  a r e :  S o i l - P a r e n t
M a t e r i a l - L a n d s c a p e  R e l a t i o n s h i p s ;  M o r p h o l o g y  a n d  P h y s i c a l  
P r o p e r t i e s ;  S o i l  M i n e r a l  a n d  E l e m e n t  C o m p o s i t i o n ;  S a t u r a t e d  
S o i l  P a s t e  E x t r a c t s  a n d  E q u i l i b r a t e d  S u s p e n s i o n  
C h a r a c t e r i s t i c s ;  a n d  C h a r a c t e r i s t i c s  a n d  C o m p o s i t i o n  o f  
L e a c h a t e s  S e q u e n t i a l l y  E x t r a c t e d  f r o m  t h e  S o i l s .
S o i l - P a r e n t  M a t e r i a l - L a n d s c a p e  R e l a t i o n s h i p s
A t o t a l  o f  s i x  s o i l s  s a m p l e s  f r o m  t w o  t o p o s e q u e n c e s  
w e r e  i n c l u d e d  i n  t h i s  s t u d y .  T h r e e  s o i l s  f r o m  e a c h  o f  t h e  
t w o  t o p o s e q u e n c e s  r e p r e s e n t  s o i l s  w i t h  a n d  w i t h o u t  h i g h  
l e v e l s  o f  e x c h a n g e a b l e  Na E a c h  o f  t h e  t h r e e  s o i l s  i n  t h e  
D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e  w a s  s a m p l e d  i n  F r a n k l i n  
P a r i s h ,  L o u i s i a n a  o n  t h e  M a c o n  R i d g e  b r a n c h  o f  t h e  N o r t h e a s t  
R e s e a r c h  S t a t i o n .  S o i l s  i n  t h i : -  t o p o s e q u e n c e  d e v e l o p e d  i n  
L a t e  P l e i s t o c e n e  Ag e  l o e s s  d e p o s i t s  t h a t  a r e  l e s s  t h a n  t w o  
m e t e r s  t h i c k  a n d  o v e r l i e  o l d e r  b r a i d e d  s t r e a m  d e p o s i t s .  
F i g u r e  2 s h o w s  t h e  t y p i c a l  p a r e n t  m a t e r i a l  a n d  l a n d s c a p e  
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Recent Mississippi River alluvium 
Recent Arkansas River alluvium 
Pleistocene age loess
Pleistocene age silty and clayey alluvium
west
5 miles
Figure 2. Soil-Landscape-Parent Material relationships in soils from 
* Franklin Parish.
Adapted from Franklin Parish soil survey report .
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T h e  m o d e r a t e l y  w e l l  d r a i n e d  G i g g e r  s o i l  i s  a  f i n e - s i l t y ,  
m i x e d ,  t h e r m i c  T y p i c  F r a g i u d a l f .  D e t a i l e d  d e s c r i p t i o n s  o f  
s o i l s  i n  t h i s  t o p o s e q u e n c e  a r e  i n c l u d e d  i n  A p p e n d i x  1 .  T h e  
G i g g e r  s o i l  l a c k s  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na t h r o u g h o u t  
i t s  p r o f i l e *  I t  o c c u p i e s  h i g h e r  l a n d s c a p e  p o s i t i o n  t h a n  
t h e  a s s o c i a t e d  s o i l s  a n d  i s  d e v e l o p e d  i n  a r e a s  w h e r e  t h e  
l o e s s  d i r e c t l y  o v e r l i e s  t h e  l o a m y  b r a i d e d - s t r e a m  d e p o s i t s .  
T h e  p o o r l y  d r a i n e d  G i l b e r t  s o i l  i s  a  f i n e - s i l t y ,  m i x e d ,  
t h e r m i c  T y p i c  G l o s s a q u a l f .  T h e  s o m e w h a t  p o o r l y  d r a i n e d  
D e e r f o r d  i s  a  f i n e - s i l t y ,  m i x e d ,  t h e r m i c  A l b i c  G l o s s i c  N a -  
t r a q u a l f .  T h e  D e e r f o r d  a n d  G i l b e r t  s o i l s  b o t h  h a v e  h i g h  
l e v e l s  o f  e x c h a n g e a b l e  Na w i t h i n  t h e i r  s o l a .  B o t h  h a v e  
d e v e l o p e d  i n  a r e a s  w h e r e  a l l u v i a l  m a t e r i a l  t h a t  i s  m o r e  
c l a y e y  t h a n  e i t h e r  t h e  l o e s s  o r  t h e  l o a m y  b r a i d e d  s t r e a m  
d e p o s i t s  l i e s  b e t w e e n  t h e s e  t w o  m a t e r i a l s .  T h e  G i l b e r t  s o i l  
t y p i c a l l y  d e v e l o p e d  i n  a r e a s  w h e r e  t h e  l o e s s  m a n t l e  i s  
t h i c k e r  a b o v e  t h e  c l a y e y  d e p o s i t s  t h a n  i n  a r e a s  w h e r e  t h e  
D e e r f o r d  s o i l  d e v e l o p e d .  T h e  d e p t h  t o  h i g h  l e v e l s  o f  e x ­
c h a n g e a b l e  Na i s  g r e a t e r  i n  t h e  G i l b e r t  t h a n  i n  t h e  D e e r f o r d  
s o i l .
S o i l s  i n  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e  w e r e  
s a m p l e d  i n  w e s t  c e n t r a l  M o r e h o u s e  P a r i s h ,  L o u i s i a n a .  T h e  
t y p i c a l  p a r e n t  m a t e r i a l  a n d  l a n d s c a p e  p o s i t i o n  r e l a t i o n s h i p s  
a m o n g  t h e s e  s o i l s  a r e  s h o w n  i n  F i g u r e  3 .  T h e s e  s o i l s  
d e v e l o p e d  i n  L a t e  P l e i s t o c e n e  Ag e  a l l u v i a l  t e r r a c e s  o f  t h e  
O u a c h i t a  R i v e r .  T h e  M o l l i c y  s o i l  i s  a  f i n e - l o a m y ,
Flood I Lower Btream 
plains I terrace Rerrace uplands (Bastrop Ridge)




Pleistocene loamy and 






■Pleistocene loamy alluvium 
from the Ouachita River (.
Figure 3# Soil-LandBcape-Parent Material relationships in soils from
Morehouse Parishs 1. Bonn soil 2. Mollicy soil 3. Groom soil 
a# Adapted from Morehouse Parish soil survey report#
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s i l i c e o u s ,  t h e r m i c  A q u i c  H a p l u d u l t .  T h e  s o i l  d e v e l o p e d  i n  
a r e a s  w h e r e  t h e  a l l u v i a l  d e p o s i t s  g r a d e  w i t h  d e p t h  t o  s a n d y  
s t r a t a .  T h e  M o l l i c y  s o i l  o c c u p i e s  a  s l i g h t l y  h i g h e r  p o s i t i o n  
o n  t h e  l a n d s c a p e  t h a n  t h e  s u r r o u n d i n g  s o i l s  a n d  l a c k s  h i g h  
l e v e l s  o f  e x c h a n g e a b l e  Na t h r o u g h o u t  t h e  p r o f i l e .  D e t a i l e d  
d e s c r i p t i o n  o f  t h e  s o i l s  i n  t h i s  t o p o s e q u e n c e  a r e  i n c l u d e d  
i n  A p p e n d i x  1 .  T h e  G r o o m s o i l  i s  a  f i n e - s i l t y ,  s i l i c e o u s ,  
t h e r m i c  A e r i e  O c h r a q u a l f  a n d  t h e  B o n n  s o i l  i s  a  f i n e - s i l t y ,  
m i x e d , t h e r m i c  G l o s s i c  N a t r a q u a l f . T h e  G r o o m  a n d  B o n n  s o i l s  
o c c u p y  t h e  b r o a d  f l a t  o r  s l i g h t l y  d e p r e s s i o n a l  a r e a s  w h e r e  
t h e  a l l u v i a l  d e p o s i t s  g r a d e ,  w i t h  d e p t h ,  t o  m o r e  c l a y e y  
s t r a t a .  T h e  G r o o m  a n d  B o n n  s o i l s  b o t h  h a v e  h i g h  l e v e l s  o f  
e x c h a n g e a b l e  Na w i t h i n  t h e i r  s o l a .  T h e  d e p t h  t o  h i g h  l e v e l  
o f  e x c h a n g e a b l e  Na i s  a p p r e c i a b l y  g r e a t e r  i n  t h e  Gr o o m t h a n  
i n  t h e  B o n n  s o i l .
S o i l  M o r p h o l o g y  a n d  P h y s i c a l  P r o p e r t i e s
D e t a i l e d  s o i l  d e s c r i p t i o n s  w e r e  w r i t t e n  f o r  e a c h  s o i l  
a t  t h e  t i m e  o f  s a m p l i n g .  T h e s e  d e s c r i p t i o n s  a r e  i n c l u d e d  a s  
A p p e n d i x  1 i n  t h i s  d i s s e r t a t i o n .  P a r t i c l e  s i z e  d a t a  a r e  
i n c l u d e d  i n  T a b l e s  39 t h r o u g h  44 i n  A p p e n d i x  2 .
S o i l  T e x t u r e
A l l  t h e  s o i l s  f r o m  b o t h  t o p o s e q u e n c e s  a r e  
c h a r a c t e r i z e d  by  m e d i u m  t e x t u r e s  t h r o u g h o u t  t h e  s o l u m .  T h e  
m o s t  c o mmo n  t e x t u r e  i s  s i l t  l o a m .  A p p r o x i m a t e l y  o n e  t h i r d  
o f  t h e  u p p e r  s o l a  h a v e  s i l t  l o a m  a n d  o r  s i l t y  c l a y  l o a m
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t e x t u r e s .  T h e  d e p t h  t h r o u g h  w h i c h  t h e s e  s o i l  t e x t u r e s  a r e  
o b s e r v e d  v a r y  f r o m  o n e  s o i l  t o  a n o t h e r .  G e n e r a l l y ,  t h e  
t e x t u r e s  b e c o m e  m o r e  c l a y e y  w i t h  d e p t h  t o  t h e  u p p e r  o r  mi d  
B t  h o r i z o n s .  At  e v e n  g r e a t e r  d e p t h s  c l a y  c o n t e n t s  e i t h e r  
r e m a i n  n e a r l y  u n i f o r m  o r  d e c r e a s e .  T h e  m o s t  c l a y e y  t e x t u r e  
i n  a n y  o f  t h e s e  s o i l s  i s  s i l t y  c l a y  l o a m .
I n  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e ,  t h e  B o n n  a n d  
G r o o m  s o i l  t e x t u r e s  a r e  s i l t  l o a m  i n  A,  E ,  a n d  u p p e r  B t  
h o r i z o n s  a n d  s i l t y  c l a y  l o a m  a t  g r e a t e r  d e p t h s  t h r o u g h o u t  
t h e  B t  h o r i z o n s .  T h e  M o l l i c y  s o i l  a l s o  h a s  s i m i l a r  t e x t u r e s  
b u t  i s  m o r e  c l a y e y  a t  a  s h a l l o w e r  d e p t h  t h a n  e i t h e r  t h e  Bo n n  
o r  Gr o o m s o i l s .  O v e r a l l ,  t h e  M o l l i c y  s o i l  b e c o m e s  m o r e  s a n d y  
w i t h  d e p t h  a n d  h o r i z o n s  b e l o w  1 1 7  cm h a v e  s a n d y  l o a m  
t e x t u r e s .
T h e  D e e r f o r d  a n d  G i l b e r t  s o i l s  h a v e  s i l t  l o a m  t e x t u r e s  
i n  t h e  u p p e r  s o l a  a n d  c o n t a i n  o n e  o r  m o r e  B t  h o r i z o n s  t h a t  
a r e  s i l t y  c l a y  l o a m .  T h e  C h o r i z o n s  a r e  m o r e  s a n d y  a n d  
c o n t a i n  l e s s  c l a y  t h a n  t h e  o v e r l y i n g  h o r i z o n s .  T h e  t e x t u r e s  
i n  t h e  G i g g e r  s o i l  b e c o m e  c o a r s e r  w i t h  d e p t h  i n  t h a t  p a r t  o f  
t h e  s o l u m  d e v e l o p e d  i n  t h e  c o n t r a s t i n g  u n d e r l y i n g  p a r e n t  
m a t e r i a l s .
S o i l  S t r u c t u r e
T h e  m o s t  c o mmo n  s t r u c t u r e  a g g r e g a t e s  o b s e r v e d  i n  s o i l s  
f r o m  b o t h  t o p o s e q u e n c e s  a r e  s u b a n g u l a r  b l o c k y  a n d  p r i s m a t i c  
p e d s  t h a t  p a r t  t o  s u b a n g u l a r  b l o c k y  u n i t s .  S u r f a c e  h o r i z o n
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s t r u c t u r e  o f  t h e  D e e r f o r d ,  G i g g e r ,  G i l b e r t ,  a n d  Gr o o m s o i l s  
i s  g r a n u l a r  a n d ,  i n  t h e  M o l l i c y ,  p l a t y .  A l l  o t h e r  h o r i z o n s  
t h r o u g h o u t  t h e  s o l a  h a v e  e i t h e r  t h e  b l o c k y  o r  p r i s m a t i c  
s t r u c t u r e s .  T h e  s o i l  s t r u c t u r a l  c l a s s e s  u s u a l l y  i n c r e a s e  
w i t h  d e p t h .  Ma x i mu m e x p r e s s i o n  o f  s t r u c t u r e s  a s  i n d i c a t e d  
by  g r a d e  i s  i n  t h e  u p p e r  a n d  o r  m i d  B t  h o r i z o n s .
S u b a n g u l a r  b l o c k y  i s  t h e  c ommon  s o i l  s t r u c t u r e  
t h r o u g h o u t  e a c h  o f  t h e  s o i l s  f r o m  t h e  B o n n - G r o o m - M o l l i c y  
t o p o s e q u e n c e .  We a k  c o a r s e  p r i s m a t i c  s t r u c t u r e  p a r t i n g  t o  
s u b a n g u l a r  b l o c k y  w a s  o b s e r v e d  i n  t h r e e  h o r i z o n s  o f  t h e  
G r o o m  s o i l .  S o i l s  f r o m  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e  
a r e  c h a r a c t e r i z e d  b y  p r i s m a t i c  s t r u c t u r e  t h a t  p a r t s  t o  
s u b a n g u l a r  u n i t s .  S t r u c t u r e l e s s  m a s s i v e  o r  s i n g l e  g r a i n  
c o n d i t i o n s  a r e  f o u n d  b e l o w  t h e  s o l u m  i n  s o m e  o f  t h e s e  s o i l s ,  
p a r t i c u l a r l y  i n  t h e  C h o r i z o n s  o r  i n  t h e  u n d e r l y i n g  
s t r a t i f i e d  l a y e r s .
T h e  s o i l  s t r u c t u r e s  o b s e r v e d  a r e  n o t  i n d i c a t i v e  o f  h i g h  
l e v e l s  o f  e x c h a n g e a b l e  Na i n  a n y  o f  t h e s e  s o i l s .  N e i t h e r  
t h e  c o l u m n a r  s t r u c t u r e  o r  t h e  s t r u c t u r e l e s s  m a s s i v e  
c o n d i t i o n  a s s o c i a t e d  w i t h  h i g h  Na l e v e l s  i n  ma n y  s o i l s  i s  
p r e s e n t  w i t h i n  t h e  s o l u m  o f  t h e s e  s o i l s .
S o i l  C o l o r  a n d  D r a i n a g e  P r o p e r t i e s
T h e  B o n n ,  M o l l i c y ,  a n d  G r o o m  s o i l s  a r e  c l a s s i f i e d  a s  
v e r y  p o o r l y  d r a i n e d ,  s o m e w h a t  p o o r l y  d r a i n e d  a n d  p o o r l y  
d r a i n e d ,  r e s p e c t i v e l y .  T h e  s u r f a c e  h o r i z o n s  a r e  d a r k  g r a y ­
i s h  b r o w n  i n  t h e  B o n n  a n d  G r o o m ,  a n d  b r o w n  i n  t h e  M o l l i c y
76
s o i l .  A l t h o u g h ,  b o t h  t h e  B o n n  a n d  M o l l i c y  s o i l s  a r e  s o m e ­
w h a t  p o o r l y  d r a i n e d ,  t h e  B o n n  i s  m o r e  p o o r l y  d r a i n e d  t h a n  
t h e  M o l l i c y .  T h i s  i s  e v i d e n c e d  by  t h e  p r e s e n c e  o f  p r e d o m i ­
n a n t l y  g r a y  c o l o r  ( c h r o m a  1 a n d  2 )  i n  t h e  B o n n  s o l u m  c o m ­
p a r e d  t o  y e l l o w i s h  b r o v / n  c o l o r  ( c h r o m a  > 2 )  i n  t h e  M o l l i c y  
s o i l .  A l s o ,  t h e  M o l l i c y  s o i l  h a s  n u m e r o u s  r e d  m o t t l e s  w h i c h  
a r e  a b s e n t  i n  t h e  B o n n  s o i l .  T h e  u p p e r  p a r t  o f  t h e  Gr o o m 
s o i l  i s  y e l l o w i s h  t o  g r a y i s h  b r o w n  ( c h r o m a  = 2 ) a n d  i s  a s  
w e l l  d r a i n e d  a s  t h e  B o n n  a n d  M o l l i c y  s o i l s .  M a j o r  d r a i n a g e  
r e s t r i c t i o n  i n  t h e  l o w e r  p a r t  o f  t h e  Gr o o m s o i l  i s  i n d i c a t e d  
by  t h e  g r a y  c o l o r s  ( c h r o m a  = 1 ) .
I n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e ,  t h e  
D e e r f o r d  a n d  G i g g e r  a r e  s o m e w h a t  p o o r l y  d r a i n e d  a n d  t h e  
G i l b e r t  i s  v e r y  p o o r l y  d r a i n e d .  T h e  G i g g e r  s o i l  i s  b e t t e r  
d r a i n e d  t h a n  t h e  D e e r f o r d .  T h e  G i g g e r  s o l u m  i s  p r e d o m i ­
n a n t l y  d a r k  b r o w n  a n d  b r o w n  t h r o u g h o u t  t h e  d e p t h  s a m p l e d .  
T h e  D e e r f o r d  i s  m o s t l y  y e l l o  • s h  b r o w n  a n d  b r o w n  e x c e p t  i n  
t h e  E a n d  B t l  h o r i z o n s  a t  a  d e p t h  o f  2 3 - 5 3  c m .  I n  t h a t  z o n e ,  
t h e  s o i l  m a t r i x  c o l o r s  h a v e  c h r o m a  o f  _< 2 .  T h e  p r e d o m i n a n t  
c o l o r  i n  G i l b e r t  s o i l  i s  g r a y i s h  b r o w n  w i t h  c h r o m a  o f  2 .  
G i l b e r t  i s  . h e  m o s t  p o o r l y  d r a i n e d  s o i l  i n  t h i s  t o p o s e ­
q u e n c e .
S o i l  C h e m i c a l  P r o p e r t i e s
T h e  t h r e e  s o i l s  f r o m  e a c h  o f  t h e  t w o  t o p o s e q u e n c e s  w e r e  
c h a r a c t e r i z e d  w i t h  r e s p e c t  t o  a n u m b e r  o f  c h e m i c a l
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p r o p e r t i e s .  E m p h a s i s  i n  t h i s  d i s c u s s i o n  i s  o n  t h e  a m o u n t  
a n d  d i s t r i b u t i o n  o f  t h e  e x c h a n g e a b l e  c a t i o n s  m e a s u r e d  a n d  o r  
r e l a t i o n s h i p s  a m o n g  t h e m .
E x c h a n g e a b l e  b a s e s  i n c l u d i n g  N a ,  Mg,  Ca a n d  K a r e  t h e  
m a j o r  c a t i o n s  d i s c u s s e d  i n  t h i s  s e c t i o n .  T h e  q u a n t i t i e s  o f  
c a t i o n s  m e a s u r e d  a n d  t h e i r  p r o f i l e  d i s t r i b u t i o n  p a t t e r n s
i n  e a c h  s o i l  a r e  g i v e n  i n  T a b l e s  39 t h r o u g h  i n  A p p e n d i x
2 .  T h e  a m o u n t s  o f  e a c h  c a t i o n  d e t e r m i n e d  a r e  e x p r e s s e d  i n  
c e n t i m o l e  p e r  u n i t  p o s i t i v e  c h a r g e  p e r  k i l o g r a m  o f  s o i l
( c m o l ( p + ) / k g ) .
E x c h a n g e a b l e  S o d i u m
T h e  s o i l s  i n  e a c h  t o p o s e q u e n c e  w e r e  s e l e c t e d  f o r  
i n c l u s i o n  i n  t h i s  s t u d y  p a r t i a l l y  on  t h e  b a s i s  o f  t h e  
a m o u n t s  o f  e x c h a n g e a b l e  Na a n t i c i p a t e d  a n d  t h e  e x p e c t e d  
d e p t h s  t o  h i g h  l e v e l s  ( >  15 p e r c e n t  Na s a t u r a t i o n )  o f  
e x c h a n g e a b l e  Na w i t h i n  t h e  s o l a .  T h e  D e e r f o r d  a n d  Bo n n  b o t h  
h a v e  n a t r i c  h o r i z o n s  a n d  a r e  c l a s s i f i e d  a s  N a t r a q u a l f s .  T h e  
G i l b e r t  a n d  G r o o m  s o i l s  a l s o  h a v e  h i g h  l e v e l s  o f
e x c h a n g e a b l e  N a ,  b u t  a t  d e p t h s  t o o  g r e a t  t o  q u a l i f y  a s  
h a v i n g  n a t r i c  h o r i z o n s .  B o t h  t h e  G i g g e r  a n d  M o l l i c y  s o i l s  
l a c k  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na a n d  w e r e  s a m p l e d  w i t h  
t h e  e x p e c t a t i o n  o f  t h a t  r e s u l t .
T h e  a m o u n t s  o f  e x c h a n g e a b l e  Na a r e  u n i f o r m l y  l o w  ( 0 . 1 -  
0 . 3  c m o l ( p  ) / k g )  t h r o u g h o u t  t h e  M o l l i c y  s o i l .  A l t h o u g h  
t h e  a m o u n t s  p r e s e n t  i n  t h e  G i g g e r  a r e  l o w  ( 0 . 1 - 0 . 2  c m o l ( p + ) /  
k g  ) t h r o u g h o u t ,  e x c h a n g e a b l e  Na c o n t e n t  i n c r e a s e s
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c o n t i n u o u s l y  w i t h  d e p t h  i n  t h e  s o l u m .  I n  t h e  G i l b e r t  a n d  
G r o o m s o i l s  e x c h a n g e a b l e  Na l e v e l s  a r e  l o w  i n  t h e  u p p e r  
s o l u m  a n d  i n c r e a s e  w i t h  d e p t h  t h r o u g h  t h e  m i d - s o l u m  t o  h i g h  
l e v e l s .  T h i s  i n c r e a s e  w i t h  d e p t h  c o n t i n u e s  t h r o u g h o u t  i n  
t h e  G r o o m s o i l .  I n  t h e  G i l b e r t  s o i l ,  h o w e v e r ,  e x c h a n g e a b l e  
Na c o n t e n t  i s  e s s e n t i a l l y  c o n s t a n t  t h r o u g h o u t  t h e  l o w e r  o n e -  
h a l f  o f  t h e  s o l u m .  T h e  d e p t h  t o  h i g h  l e v e l s  o f  e x c h a n g e a b l e  
Na ( >  15 p e r c e n t  Na s a t u r a t i o n )  i s  102  cm i n  b o t h  t h e
G i l b e r t  a n d  G r o o m  s o i l s . T h e  s m a l l e s t  a m o u n t s  o f  
e x c h a n g e a b l e  Na m e a s u r e d  a r e  i n  s u r f a c e  h o r i z o n s  o f  b o t h  t h e  
D e e r f o r d  a n d  Bo n n  s o i l s .  T h e  a m o u n t s  p r e s e n t  i n c r e a s e  
c o n t i n u o u s l y  w i t h  d e p t h  t o  a  ma x i mu m a t  7 6 - 1 1 9  cm i n  t h e  
D e e r f o r d  s o i l  a n d  a t  g r e a t e r  t h a n  71 cm i n  t h e  B o n n .  T h e  
d e p t h  t o  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na ( >  15  p e r c e n t  Na 
s a t u r a t i o n )  i s  10  cm a n d  5 3  cm i n  t h e  Bo n n  a n d  D e e r f o r d  s o i l  
r e s p e c t i v e l y .
E x c h a n g e a b l e  M a g n e s i u m
T h e  d a t a  i n  T a b l e s  3 9  t h r o u g h  i n  A p p e n d i x  2 s h o w  
l a r g e  d i f f e r e n c e s  i n  t h e  a m o u n t s  o f  e x c h a n g e a b l e  Mg i n  s o i l s  
f r o m  t h e  t w o  t o p o s e q u e n c e s  a n d  a m o n g  s o i l s  w i t h i n  e a c h  
t o p o s e q u e n c e .  T h e  e x c h a n g e a b l e  Mg l e v e l s  a r e  h i g h e r  a n d  t h e  
p r o f i l e  d i s t r i b u t i o n  t r e n d s  m o r e  c o n s i s t e n t  i n  t h e  s o i l s  
f r o m  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e  t h a n  i n  t h o s e  
f r o m  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e .
T h e  e x c h a n g e a b l e  Mg p r o f i l e  d i s t r i b u t i o n  t r e n d s  a r e  
s i m i l a r  i n  t h e  D e e r f o r d ,  G i l b e r t ,  a n d  G i g g e r  s o i l s .  Mi n i m u m
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amounts are present in the surface horizon in each of these 
soils. The amounts of exchangeable Mg increases with depth 
to maximum or near maximum amounts in the second, third, 
and fourth horizon, respectively, in Gigger, Gilbert and 
Deerford soils. The amounts present at even greater depths 
remain essentially constant throughout the solum. The act­
ual amounts present in these soils are greatest (1.4-10.6 
cmol(p+)/kg) in the Deerford, intermediate (32-9.0 cmol 
(p+)/kg) in the Gilbert, and least (3-9-6.4 cmol(p+)/kg) in 
the Gigger soil.
The actual quantities of exchangeable Mg present 
within the solum decrease in the order Bonn (0.9-4. 8  cmol 
(p+)/kg), Groom (0.1-5.2 cmol(p+)/kg, and Mollicy ( 0.6-1.9 
cmol(p+)/kg) in that toposequence. With only minor diffe­
rences the profile distribution trends are similar to those 
described for the Deerford-Gilbert-Gigger toposequence.
These differences are 1) exchangeable Mg content increases 
throughout horizons at depths greater than 1 0  cm depth in 
the Bonn soil, 2) exchangeable Mg content is appreciably 
greater in the lower most horizon(2BC at 183-229 cm) of the 
Groom soil than in overlying horizons, 3 ) t h e  two lowermost 
horizons(2BC at 157-229 cm) in the Mollicy soil have less 
exchangeable Mg than all overlying horizons.
Exchangeable Calcium
The amounts and profile distribution of exchangeable Ca 
differ appreciably among soils within each toposequence and
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b e t w e e n  t h e  t w o  t o p o s e q u e n c e s . When a n a l o g o u s  s o i l s  
( D e e r f o r d - B o n n , G i l b e r t - G r o o m ,  a n d  G i g g e r - M o l l i c y ) a r e  
c o m p a r e d ,  t h o s e  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e  
h a v e  t h e  h i g h e s t  l e v e l s  o f  e x c h a n g e a b l e  C a . W i t h i n  e a c h  
t o p o s e q u e n c e  t h e  a m o u n t s  o f  e x c h a n g e a b l e  Ca  i n  t h e  s o l u m  
g e n e r a l l y  d e c r e a s e  i n  t h e  o r d e r  G i l b e r t  ( A . 6 - 1 0 . 5  c mo l Cp " ®" ) /  
k g ) ,  D e e r f o r d  2 . 0 - 7 . A c m o l ( p * ) / k g ) , G i g g e r  ( 1 . 6 - 7 . 6
c m o l ( p+ ) / k g ) ,  B o n n  ( 3 . A - 1 1 . 0  c m o l ( p+  ) / k g ) , Gr o o m ( 0 . 2 -
6 . A c m o l ( p + ) / k g ) , a n d  M o l l i c y  ( 0 . 1 - 3 . A c m o l ( p+ ) / k g ) . I n  
h o r i z o n s  b e l o w  t h e  s u r f a c e  t h e  a m o u n t s  o f  e x c h a n g e a b l e  Ca 
s h o w  a n  o v e r a l l  i n c r e a s e  w i t h  d e p t h s  i n  t h e  D e e r f o r d  a n d  
Bo n n  s o i l s .  T h e  p r o f i l e  d i s t r i b u t i o n  o f  e x c h a n g e a b l e  Ca i s  
m o r e  e r r a t i c  i n  t h e  r e m a i n i n g  s o i l s ,  a l t h o u g h  t h e  g r e a t e s t  
a m o u n t s  a r e  i n  t h e  l o w e r  s o l u m .
E x c h a n g e a b l e  P o t a s s i u m
T h e  a m o u n t s  o f  e x c h a n g e a b l e  K a r e  i n v a r i a b l y  l o w  
t h r o u g h o u t  a l l  t h e  s o i l s .  T h e  A h o r i z o n  ( 0 - 1 0  cm)  o f  t h e  
B o n n  s o i l  c o n t a i n s  a s  m u c h  a s  0 . 3  c m o l ( p  ) / k g  s o i l .  A l t h o u g h  
t h e  a m o u n t s  p r e s e n t  a r e  s m a l l ,  t h e  e x c h a n g e a b l e  K l e v e l s  a r e  
g r e a t e r  o v e r a l l  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e  
t h a n  i n  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e  ( T a b l e s  39 
t h r o u g h  44). F o r  e x a m p l e ,  m o r e  t h a n  o n e - h a l f  ( 5 7 % )  o f  t h e  
s o i l  h o r i z o n s  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e  
h a v e  m o r e  t h a n  0 . 1  c m o l ( p  ) / k g  o f  e x c h a n g e a b l e  K,  w h e r e a s ,  
l e s s  t h a n  o n e - f o u r t h  ( 2 1 % )  o f  t h e  h o r i z o n s  i n  t h e  B o n n -  
G r o o m - M o l l i c y  t o p o s e q u e n c e  e x c e e d  t h i s  a m o u n t .
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T h e  s o u r c e  o f  t h e  e x c h a n g e a b l e  C a , Mg,  K a n d  Na i s  
c o n s i d e r e d  t o  b e  w e a t h e r a b l e  m i n e r a l s  c o n t a i n i n g  t h e s e  
e l e m e n t s  i n  t h e  s o i l s .  M i c a c e o u s  c l a y s  a n d  K - f e l d s p a r s  a r e  
t h e  m a j o r  K - b e a r i n g  m i n e r a l s  i d e n t i f i e d .  T h e  p l a g i o c l a s e  
f e l d s p a r  s e r i e s  ( a l b i t e  ( N a )  t h r o u g h  a n o r t h i t e  ( C a ) )  m i n ­
e r a l s  t o g e t h e r  w i t h  s e c o n d a r y  C a C O ^  c o n c r e t i o n s  i d e n t i f i e d  
i n  s o m e  h o r i z o n s  o f  t h e  s o i l s  a r e  t h e  Ca  a n d  Na b e a r i n g  
m i n e r a l s  i d e n t i f i e d .  M i n e r a l s  c o n t a i n i n g  Mg t h a t  a r e  m o r e  
w e a t h e r a b l e  t h a n  s m e c t i t e s  w e r e  n o t  i d e n t i f i e d ,  b u t  may  b e  
p r e s e n t  i n  s m a l l  q u a n t i t i e s  n o t  d e t e c t e d  by X - r a y  
d i f f r a c t i o n .  M i n e r a l o g i c a l  a n d  e l e m e n t a l  c h a r a c t e r i s t i c s  o f  
t h e s e  s o i l s  a r e  d i s c u s s e d  i n  a  l a t e r  s e c t i o n .
T h e  m o r e  p o o r l y  d r a i n e d  s o i l s  f r o m  b o t h  t o p o s e q u e n c e  
h a v e  b e e n  s h o w n  t o  c o n t a i n  l a r g e r  a m o u n t s  o f  C a ,  Mg a n d  Na 
t h a n  t h e i r  b e t t e r  d r a i n e d  c o u n t e r p a r t s .  T h i s  s u g g e s t s  a l e s s  
w e a t h e r e d  a n d  l e a c h e d  c o n d i t i o n  a n d  p o s s i b l e  s e c o n d a r y  
e n r i c h m e n t  w i t h  C a , Mg a n d  Na f r o m  t h e  b e t t e r  d r a i n e d  s o i l s  
o c c u p y i n g  h i g h e r  p o s i t i o n s  i n  t h e  l a n d s c a p e .  An o v e r a l l  
s t a t e m e n t  c a n  b e  m a d e  t h a t  s o i l s  w i t h  h i g h  l e v e l s  o f  e i t h e r  
C a ,  Mg o r  Na a l s o  h a v e  h i g h  l e v e l s  o f  t h e  o t h e r  t w o  c a t i o n s ,  
a l t h o u g h ,  r e l a t i v e  a m o u n t s  a n d  p r o f i l e  d i s t r i b u t i o n  t r e n d s  
may d i f f e r  c o n s i d e r a b l y  a m o n g  t h e  s o i l s .  T h e  a m o u n t s  a n d  
d i s t r i b u t i o n  o f  e x c h a n g e a b l e  K,  h o w e v e r ,  d o  n o t  r e f l e c t  
s i m i l a r  t r e n d s .  P r e f e r e n t i a l  r e t e n t i o n  by  s o i l  o f  K c o m ­
p a r e d  t o  o t h e r  b a s i c  c a t i o n  ( C a ,  Mg,  Na )  h a s  b e e n  d o c u m e n t e d  
by m a n y  w o r k e r s  ( N e i l s o n  a n d  S t e v e n s o n ,  1 9 8 3 ;  P o o n i a  e t  a l . ,
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1 9 8 0 ) .  A s t u d y  by  M e h t a  e t  a l .  , ( 1 9 8 3 )  d e m o n s t r a t e d  a n  
i n v e r s e  r e l a t i o n s h i p  b e t w e e n  s o i l  s p e c i f i c i t y  f o r  K i n  e x ­
c h a n g e  r e a c t i o n  a n d  t h e  s o i l s  p e r c e n t  s a t u r a t i o n  w i t h  e x ­
c h a n g e a b l e  K„ T h e y  a s s i g n e d  a  h i g h ,  m e d i u m  a n d  l o w  K s p e c i ­
f i c i t y  t o  s o i l s  w i t h  < 5 > 5 t  38  a n d  > 3 8  p e r c e n t  s a t u r a t i o n  
w i t h  e x c h a n g e a b l e  K ,  H i g h  s p e c i f i c i t y  f o r  e x c h a n g e a b l e  K 
t o g e t h e r  w i t h  l o w  r e l e a s e  o f  K f r o m  w e a t h e r a b l e  m i n e r a l s  
c o m b i n e d  w i t h  t h e  e x p e c t e d  p o t e n t i a l  o f  t h e s e  s o i l s  t o  ' f i x '  
K f r o m  s o l u t i o n  a r e  b e l i e v e d  r e s p o n s i b l e  f o r  t h e  u n i f o r m i t y  
i n  a m o u n t s  o f  e x c h a n g e a b l e  K o b s e r v e d  i n  t h e  s o i l s  f r o m  t h e  
t w o  t o p o s e q u e n c e s  i n c l u d e d  i n  t h i s  s t u d y .
T h e  a m o u n t s ,  p e r c e n t  s a t u r a t i o n ,  a n d  r a t i o s  a m o n g  t h e  
e x c h a n g e a b l e  C a , Mg ,  a n d  Na i n  s o i l s  h a v e  b e e n  u s e d  by  a 
n u m b e r  o f  w o r k e r s  a s  i n d i c e s  o f  w e a t h e r i n g  o r  d e g r e e  o f  
w e a t h e r i n g  f o r  s o i l s  ( O s t e r  a n d  S h a i n b e r g ,  1 9 7 9 ;  L e v y ,  1 9 8 0 ;  
S u a r e z  a n d  F r e n k e l ,  1 9 8 1 ;  F r e n k e l  e t  a l . ,  1 9 8 3 ) .  S u c h  
i n t e r p r e t a t i o n s  a r e  b a s e d  o n  t h e  w e a t h e r a b i 1 i t y  o f  m o s t  s o i l  
m i n e r a l s  t h a t  c o n t a i n  t h e s e  e l e m e n t s  a n d  o n  t h e  r e l a t i v e  
l e a c h a b i l i t y  o f  t h e  d i f f e r e n t  i o n s  a s  i n d i c a t e d  by  e n e r g y  o f  
e x c h a n g e .  S u s c e p t i b i l i t y  t o  l e a c h i n g  i n c r e a s e s  i n  t h e  o r d e r  
C a ,  Mg a n d  N a ,  b u t  w e a t h e r a b i l i t y  o f  s o i l  m i n e r a l s  
c o n t a i n i n g  t h e s e  e l e m e n t s  may v a r y  f r o m  s o i l  t o  s o i l  
d e p e n d i n g  o n  t h e  m i n e r a l s  p r e s e n t .  W e a t h e r a b i l i t y  o f  
m i n e r a l s  i d e n t i f i e d  i n  t h e s e  s o i l s  t h a t  c o n t a i n  t h e s e  
e l e m e n t s  w o u l d  i n c r e a s e  i n  t h e  o r d e r  Mg,  N a , Ca f o r  s o me  
m i n e r a l s  a n d  Mg,  C a , Na f o r  o t h e r s .
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T h e  r a t i o  o f  e x c h a n g e a b l e  ( C a + M g ) / N a  w a s  c a l c u l a t e d  a n d  
a w e i g h t e d  a v e r a g e  r a t i o  d e t e r m i n e d  f o r  e a c h  o f  t h e  s o i l s .  
T h i s  r a t i o  h a s  b e e n  u s e d  a s  a n  i n d e x  o f  w e a t h e r i n g  by o t h e r s  
w i t h  t h e  i n t e r p r e t a t i o n  t h a t  t h e  e x t e n t  o f  w e a t h e r i n g  o f  
s o i l  m i n e r a l s  a n d  t h e  r a t i o  i n c r e a s e  t o g e t h e r .  W i t h i n  t h e  
i n d i v i d u a l  s o i l s  t h e  r a t i o  d e c r e a s e d  o v e r a l l  w i t h  d e p t h .  On 
t h i s  b a s i s  t h e  o r d e r  o f  i n c r e a s e d  w e a t h e r i n g  i n  t h e  o n e  t o p ­
o s e q u e n c e  i s  D e e r f o r d ,  G i l b e r t  a n d  G i g g e r  w i t h  r e s p e c t i v e  
e x c h a n g e a b l e  ( C a + M g ) / N a  r a t i o s  o f  f o u r  , s i x  a n d  e i g h t . I n  
t h e  o t h e r  t o p o s e q u e n c e  t h e  o r d e r  i s  B o n n ,  G r o o m ,  M o l l i c y  
w i t h  r e s p e c t i v e  r a t i o s  o f  o n e ,  t w o  a n d  e l e v e n .  On t h e  b a s i s  
o f  t h e  r a t i o  e x c h a n g e a b l e  ( C a + M g ) / N a  c r i t e r i o n ,  t h e  D e e r f o r d  
a n d  G i l b e r t  a r e  m o r e  h i g h l y  w e a t h e r e d  t h a n  t h e i r  r e s p e c t i v e  
c o u n t e r p a r t s , B o n n  a n d  G r o o m .  T h e  M o l l i c y  i s  m o r e  h i g h l y  
w e a t h e r e d  t h a n  t h e  G i g g e r  a n d  i t  i s  a l s o  t h e  m o s t  h i g h l y  
w e a t h e r e d  o f  t h e  s i x  s o i l s .
Exchangeable Acidity (Aluminum, Hydrogen)
T h e  e x c h a n g e a b l e  a c i d i t y  i s  t h e  s um o f  t h e  e x c h a n g e a b l e  
Al  p l u s  t h e  e x c h a n g e a b l e  H m e a s u r e d  i n  I N KC1 e x t r a c t s .  
E f f e c t i v e  c a t i o n  e x c h a n g e  c a p a c i t y  ( E CE C)  i s  t h e  s um o f  t h e  
NH^OAc e x c h a n g e a b l e  b a s e s  ( N a ,  K,  Ca a n d  Mg)  p l u s  t h e  
e x c h a n g e a b l e  a c i d i t y .  R e f e r e n c e s  t o  p e r c e n t  s a t u r a t i o n  w i t h  
a c i d i t y  o r  c o m p o n e n t s  o f  a c i d i t y  ( A l ,  H)  i n  t h i s  s e c t i o n  a r e  
m a d e  i n  r e f e r e n c e  t o  ECEC.
O n e - t h i r d  o r  m o r e  s o i l s  i n  L o u i s i a n a  t y p i c a l l y  h a v e  pH 
v a l u e s  o f  l e s s  t h a n  5 . 8  w i t h i n  t h e  r o o t i n g  z o n e s  o f  m o s t
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c r o p s  ( L a n d r y ,  1 9 7 7 ;  M i l l e r ,  1 9 8 0 ) .  A m a j o r  s o u r c e  o f  t h e  
a c i d i t y  i n  t h e s e  s o i l s  i s  A l  i n  t h e  e x c h a n g e a b l e  
f o r m .  T h e  a m o u n t  p r e s e n t  a r e  l a r g e l y  r e l a t e d  t o  s o i l  
r e a c t i o n  ( p H ) ,  o r g a n i c  m a t t e r  a n d  c l a y  c o n t e n t  ( L a n d r y ,  
1 9 7 7 ;  M i l l e r ,  1 9 8 0 ) .  T h e  d a t a  i n  T a b l e s  39 t h r o u g h  44 i n  
A p p e n d i x  2 i l l u s t r a t e  t h a t  t h e  e x c h a n g e a b l e  a c i d i t y  o f  s o i l s  
i n  t h i s  s t u d y  a r e  c o m p r i s e d  m o s t l y  o f  e x c h a n g e a b l e  A l .  
L a n d r y  ( 1 9 7 7 )  f o u n d  t h a t  s o i l s  w i t h  c o m p a r a b l e  l e v e l s  o f  
c l a y  c o n t e n t  a n d  pH s h o w e d  a n  i n c r e a s i n g  p e r c e n t  o f  Al  
s a t u r a t i o n  i n  t h e  o r d e r  m o n t m o r i l l o n i t i c , m i x e d  a n d  
k a o l i n i t i c  m i n e r a l o g y  s o i l s ,  r e s p e c t i v l y .  O t h e r  w o r k e r s  h a v e  
a l s o  s h o w n  s i m i l a r  r e l a t i o n s h i p s  b e t w e e n  e x c h a n g e a b l e  
a c i d i t y  i n  s o i l s  a n d  o t h e r  s o i l  p r o p e r t i e s  ( P i o n k e  a n d  
C o r e y ,  1 9 6 7 ) .
T h e  e x c h a n g e a b l e  H l e v e l s  m e a s u r e d  i n  t h e  s i x  s o i l s  
s t u d i e d  a r e  l o w  ( 0 . 1 - 1 . 0  c m o l ( p+ ) / k g )  t h r o u g h o u t  t h e  s o l a  
a n d  n o  p r o f i l e  t r e n d s  c o n s i s t e n t  f o r  a l l  s o i l s  a r e  e v i d e n t  
i n  t h e  d a t a .  Q u a n t i t i e s  o f  e x c h a n g e a b l e  H o f  t h e  o r d e r  o f  
m a g n i t u d e  r e p o r t e d  h e r e  a r e  c o mmo n  i n  m i n e r a l  s o i l s ,  
e s p e c i a l l y  a c i d  m i n e r a l  s o i l s  ( C o l e m a n  a n d  T h o m a s ,  1 9 6 7 ;  
K a m p r a t h ,  1 9 7 2 ) .  M a j o r  s o u r c e s  o f  t h e  e x c h a n g e a b l e  H i n  
s o i l s  h a v i n g  pH v a l u e s  i n  t h e  r a n g e  o f  t h o s e  i n  t h i s  s t u d y ,  
4 . 3  t o  8 . 6 , ( pH i n  1 t o  1 w a t e r  t o  s o i l )  a r e :  1 )  e x c h a n g e ­
a b l e  H o n  t h e  m i n e r a l  a n d  o r g a n i c  c o l l o i d s ;  a n d  2 )  H r e ­
l e a s e d  f r o m  o r g a n i c  c o m p o u n d s  u p o n  l e a c h i n g  t h e  s o i l s  
( C o l e m a n  a n d  T h o m a s ,  1 9 6 7 ;  J a c k s o n ,  1 9 6 3 ;  M c l e a n  e t  a l . ,
1 9 6 5 ) .  T h e  p r o f i l e  d i s t r i b u t i o n  t r e n d s  o f  e x c h a n g e a b l e  Al  
a r e  c o n s i s t e n t  a m o n g  a l l  t h e  s o i l s  w h e r e  m e a s u r e a b l e  a m o u n t s  
o f  Al  a r e  p r e s e n t .  T h a t  i s  t h e  a m o u n t  p r e s e n t  a n d  p e r c e n t  
s a t u r a t i o n  i n c r e a s e  o v e r a l l  w i t h  d e p t h  t o  a  ma x i mu m v a l u e  
t h e n  d e c r e a s e  a t  g r e a t e r  d e p t h s .  One  o r  m o r e  h o r i z o n s  
l a c k i n g  m e a s u r e a b l e  q u a n t i t i e s  o f  e x c h a n g e a b l e  Al  i s  p r e s e n t  
i n  a l l  e x c e p t  t h e  M o l l i c y  s o i l .  T h e  ma x i mu m a m o u n t  o f  
e x c h a n g e a b l e  Al  m e a s u r e d  w a s  8.9 c m o l ( p + ) / k g  s o i l  i n  the 
2 B t 4  h o r i z o n  o f  t h e  M o l l i c y  s o i l  a t  8 6  t o  1 1 7  c m.  T h i s  
h o r i z o n  i s  8 2  p e r c e n t  s a t u r a t e d  w i t h  e x c h a n g e a b l e  A l .  T h e  
g r e a t e s t  s a t u r a t i o n  w i t h  e x c h a n g e a b l e  Al  i n  a n y  o f  t h e  s o i l s  
i s  88  p e r c e n t  i n  t h e  B t  h o r i z o n  ( 5 8  t o  1 0 2  c m)  o f  t h e  Gr o o m 
s o i l .
E x c h a n g e a b l e  Al  i s  t y p i c a l l y  n o t  p r e s e n t  i n  m e a s u r a b l e  
q u a n t i t i e s  i n  m i n e r a l  s o i l  h o r i z o n s  h a v i n g  a  pH v a l u e  
g r e a t e r  t h a n  6 . 0  ( C l a r k ,  1 9 6 6 ;  D a l l a l ,  1 9 7 5 ;  L a n d r y ,  1 9 7 7 ;  
M i l l e r ,  1 9 8 0 ) .  T h e  d a t a  i n  T a b l e s  3 9 »  ^*2 a n d  if-3 a r e  
c o n s i s t e n t  w i t h  t h i s  c o mmo n  r e l a t i o n s h i p .  T h a t  i s ,  t h e  Al  
c o n c e n t r a t i o n  g e n e r a l l y  d e c r e a s e s  a s  t h e  s o i l  pH i n c r e a s e s  
( P r a t t ,  1 9 6 6 ) .  F o r  e x a m p l e ,  t h e  p e r c e n t  Al  s a t u r a t i o n  i n  
t h e  s o i l  d r o p s  f r o m  4 0  t o  l e s s  t h a n  10  p e r c e n t  w h e n  t h e  s o i l  
pH i n c r e a s e s  f r o m  5 . 0  t o  5 . 5 .  A l s o ,  e x c h a n g e a b l e  Al  h a s  
b e e n  p o s i t i v e l y  c o r r e l a t e d  w i t h  c l a y  c o n t e n t  a n d  o r g a n i c  
c a r b o n  r e s p e c t i v e l y  i n  t h e  m i x e d  a n d  k a o l i n i t i c  m i n e r a l  
s o i l s  ( L a n d r y ,  1 9 7 7 ) .  U s u a l l y ,  t h e  ma x i mu m a m o u n t s  o f  
e x c h a n g a b l e  Al  i n  m i n e r a l  s o i l s  a r e  i n  h o r i z o n s  w i t h  l o w  pH,  
h i g h  c l a y  c o n t e n t  a n d  l o w  o r g a n i c  m a t t e r  c o m b i n a t i o n s
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( P i o n k e  a n d  C o r e y ,  1 9 6 7 ) ,  T h e  d a t a  i n  T a b l e s  2+0, M  a n d  i+24. 
a r e  a l s o  c o n s i s t e n t  w i t h  t h i s  r e l a t i o n s h i p .  O r g a n i c  m a t t e r  
i n  s u r f a c e  h o r i z o n s  a p p e a r s  t o  d e c r e a s e  e x c h a n g e a b l e  Al  
c o n t e n t  i n  m o s t  m i n e r a l  s o i l s  c o m p a r e d  t o  t h a t  i n  o t h e r w i s e  
c o m p a r a b l e  h o r i z o n s  c o n t a i n i n g  l e s s  o r g a n i c  m a t t e r .  
C a l c u l a t i o n s  o f  c m o l  ( p"*" ) / k g  s o i l  o f  e x c h a n g e a b l e  Al  o n  a 
p e r  u n i t  m a s s  o f  c l a y  b a s i s  f o r  s o i l  h o r i z o n s  w i t h  c o m p a r ­
a b l e  pH v a l u e s  s h o w  a  s i m i l a r  r e l a t i o n s h i p  i n  t h e s e  s o i l s .
A n u m b e r  o f  c o n s i s t e n t  r e l a t i o n s h i p s  w i t h  r e s p e c t  t o  
e x c h a n g e a b l e  a c i d i t y  w i t h i n  t h e  s o i l s  s t u d i e d  c a n  b e  
o b s e r v e d  i n  T a b l e s  39 t h r o u g h  2+1+, I n  s o i l s  w h e r e
e x c h a n g e a b l e  Al  a n d  H a r e  b o t h  p r e s e n t ,  t h e  r a t i o  o f  
e x c h a n g e a b l e  Al  t o  H i n c r e a s e s  w i t h  d e p t h  t o  a  ma x i mu m i n  
t h e  B t  h o r i z o n  t h e n  d e c r e a s e  a t  g r e a t e r  d e p t h  t o  a m i n i m u m  
o r  n e a r  m i n i m u m  v a l u e s .  T h r e e  m a i n  f a c t o r s  c o n t r i b u t e  t o  
t h e  o b s e r v e d  r e l a t i o n s h i p  i n  t h e  u p p e r  s o l u m .  F i r s t ,  
s u b s u r f a c e  h o r i z o n s  u s u a l l y  h a v e  a m o r e  a c i d  s o i l  r e a c t i o n  
t h a n  s u r f a c e  h o r i z o n s  r e s u l t i n g  i n  g r e a t e r  q u a n t i t i e s  o f  
e x c h a n g e a b l e  Al  i n  s u b s u r f a c e  h o r i z o n s  ( H s u  a n d  R i c h ,  1 9 6 0 ) .  
S e c o n d ,  o r g a n i c  m a t t e r  c o n t e n t  i s  h i g h e r  i n  s u r f a c e  t h a n  
s u b s u r f a c e  h o r i z o n s .  A n u m b e r  o f  w o r k e r s  ( H e s s e ,  1 9 7 2 ;  
P i o n k e  a n d  C o r e y ,  1 9 6 7 ;  E v a n  a n d  K a m p r a t h ,  1 9 7 0 )  h a v e  
d e s c r i b e d  t h e  f o r m a t i o n  o f  A l - o r g a n i c  m a t t e r  c o m p l e x e s  t h a t  
r e d u c e  l e v e l s  o f  e x c h a n g e a b l e  Al  i n  s o i l s .  T h i r d ,  o r g a n i c  
m a t t e r  i n  s o i l s  i s  a n  i m p o r t a n t  s o u r c e  o f  e x c h a n g e a b l e  H.  
T h u s ,  i n c r e a s i n g  a m o u n t s  o f  e x c h a n g e a b l e  H a r e  e x p e c t e d  w i t h
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i n c r e a s i n g  a m o u n t s  o f  o r g a n i c  m a t t e r .  I t  i s  h y p o t h e s i z e d  
t h a t  t h e  d e c r e a s e  i n  t h e  e x c h a n g e a b l e  Al  t o  H r a t i o  i n  t h e  
l o w e r  s o l u m  i s  a  c o n s e q u e n c e  o f  d e c r e a s e d  i n t e n s i t y  o f  
w e a t h e r i n g ,  p a r t i c u l a r l y  o f  c l a y  m i n e r a l s  w h i c h  a r e  b e l i e v e d  
t o  b e  t h e  m a j o r  s o u r c e s  o f  e x c h a n g e a b l e  Al  i n  t h e s e  s o i l s .
T h e r e  a r e  i m p o r t a n t  d i f f e r e n c e s  b e t w e e n  s o i l s  i n  t h e  
t w o  t o p o s e q u e n c e s  w i t h  r e s p e c t  t o  e x c h a n g e a b l e  a c i d i t y .  
A n a l a g o u s  s o i l s  i n  t h e  t w o  t o p o s e q u e n c e s  a r e  M o l l i c y  a n d  
G i g g e r ,  Gr o o m a n d  G i l b e r t ,  a n d  Bo n n  a n d  D e e r f o r d .  C o m p a r e d  
t o  G i l b e r t  a n d  G i g g e r ,  Gr o o m a n d  M o l l i c y  s o i l s  c o n t a i n  
h o r i z o n s  w i t h  l a r g e r  q u a n t i t i e s  a n d  g r e a t e r  p e r c e n t  
s a t u r a t i o n  w i t h  A l ,  l a r g e r  a m o u n t s  o f  e x c h a n g e a b l e  A l ,  a n d  
h i g h e r  p e r c e n t  Al  s a t u r a t i o n  a t  g r e a t e r  d e p t h .  T h e  Bo n n  a n d  
D e e r f o r d  s o i l s  d i f f e r  i n  t h a t  D e e r f o r d  h a s  s m a l l  q u a n t i t i e s  
o f  e x c h a n g e a b l e  Al  i n  t h e  t h r e e  u p p e r m o s t  h o r i z o n s  w h e r e a s  
t h e  B o n n  l a c k s  e x c h a n g e a b l e  Al  t h r o u g h o u t  t h e  p r o f i l e .
S u m ma r y  o f  E x c h a n g e a b l e  P a r a m e t e r s
T h e  s o i l s  i n  t h i s  s t u d y  c o n t a i n i n g  h i g h  l e v e l s  o f  
e x c h a n g e a b l e  Na h a v e  a  n u m b e r  o f  c h e m i c a l  a n d  m o r p h o l o g i c a l  
c h a r a c t e r i s t i c s  t h a t  d i f f e r  f r o m  m o s t  s o i l s  w i t h  h i g h  l e v e l s  
o f  e x c h a n g e a b l e  Na o n  w h i c h  r e p o r t s  a r e  a v a i l a b l e  i n  t h e  
l i t e r a t u r e .  M o r p h o l o g i c a l l y  t h e y  l a c k  t h e  c o l u m n a r  
s t r u c t u r e  o r  s t r u c t u r e l e s s  c o n d i t i o n  t y p i c a l  o f  ma n y  n o n -  
s a l i n e - a l k a l i n e  s o i l s  w i t h  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na .  
I n  m o s t  s o i l s  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na a r e  i n  h o r i z o n s
h a v i n g  a l k a l i n e  s o i l  r e a c t i o n s .  Some  h o r i z o n s  i n  t h e s e  
s o i l s  w i t h  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na h a v e  s o i l  pH 
v a l u e s  l e s s  t h a n  5 . 5 ,  a l t h o u g h  ma n y  s u c h  h o r i z o n s  i n  t h e  
l o w e r  s o l a  d o  h a v e  n e u t r a l  o r  a l k a l i n e  r e a c t i o n s .  T h e r e  a r e  
no  k n o w n  r e p o r t s  o f  s o i l s  c o n t a i n i n g  h i g h  l e v e l s  o f  b o t h  
e x c h a n g e a b l e  Al  a n d  Na w i t h i n  t h e  s o l u m .  T h e  Gr o o m a n d  
G i l b e r t  s o i l s  i n  t h i s  s t u d y  h a v e  h o r i z o n s  i n  t h e  u p p e r  s o l u m  
w i t h  p o t e n t i a l l y  p h y t o t o x i c  l e v e l s  o f  e x c h a n g e a b l e  Al  a n d  
p h y t o t o x i c  l e v e l  o f  e x c h a n g e a b l e  Na i n  h o r i z o n s  i n  t h e  l o w e r  
s o l u m .  P o t e n t i a l l y  p h y t o t o x i c  l e v e l s  o f  e x c h a n g e a b l e  Al  a n d  
Na a r e  b o t h  p r e s e n t  i n  t h e  s a m e  h o r i z o n  i n  s o me  h o r i z o n s  o f  
t h e  Gr o o m s o i l .  M o s t  p e d o g e n i c  m o d e l s  t h a t  d e s c r i b e  n o n ­
s a l i n e  s o i l s  w i t h  h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na r e q u i r e  a n  
i n v e r s e  r e l a t i o n s h i p  w i t h  r e s p e c t  t o  d e p t h  i n  t h e  s o l u m  
b e t w e e n  e x c h a n g e a b l e  Na a n d  o t h e r  b a s i c  c a t i o n s .  T h e  s t a t e d  
o r  i m p l i e d  s e q u e n c e  f o r  a  g i v e n  h o r i z o n  w i t h  r e s p e c t  t o  
p r e d o m i n a n t  e x c h a n g e a b l e  c a t i o n s  i s  N a ,  Mg a n d  C a . I n  t h e s e  
t h e o r e t i c a l  m o d e l s  t h e  p r e d o m i n a n t  e x c h a n g e a b l e  c a t i o n ,  a s  a 
f u n c t i o n  o f  i n c r e a s i n g  d e p t h ,  w o u l d  f o l l o w  t h e  o r d e r  C a ,  Mg 
a n d  N a .  I n  t h e  s o i l s  i n  t h i s  s t u d y ,  m a j o r  i n c r e a s e s  w i t h  
d e p t h  a r e  e i t h e r  a p p r o x i m a t e l y  p a r a l l e l  o r  f o l l o w  t h e  o r d e r  
N a ,  Mg a n d  C a .  T h e r e  i s ,  f o r  e x a m p l e ,  no  a p p a r e n t  t e n d e n c y  
t o  f o r m  t h e  ' M g - s o l o n e t z  ' s o i l  o r  n a t r i c  h o r i z o n s  h i g h l y  
s a t u r a t e d  w i t h  e x c h a n g e a b l e  Mg a n d  w i t h  Na s a t u r a t i o n  o f  
l e s s  t h a n  15 p e r c e n t .
C l a y  M i n e r a l o g y
P h y l l o s i l i c a t e s
I d e n t i c a l  s u i t e s  o f  m i n e r a l s  w e r e  i d e n t i f i e d  i n  t h e  
c l a y - s i z e  f r a c t i o n  o f  e a c h  o f  t h e  s i x  s o i l s  s t u d i e d .  
K a o l i n i t e ,  s o i l - f o r m e d  v e r m i c u l i t e ,  s m e c t i t e ,  a n d  m i c a c e o u s  
c l a y s  t o g e t h e r  w i t h  i n t e r l a y e r e d  a n d  o r  i n t e r s t r a t i f i e d  
c o m p o n e n t s  o f  t h e  2 t o  1 l a y e r  l a t t i c e  m i n e r a l s  w e r e  t h e  
p h y l l o s i l i c a t e s  i d e n t i f i e d .  Q u a r t z ,  a l k a l i  f e l d s p a r s ,  a n d  
p l a g i o c l a s e  f e l d s p a r s  c o m p r i s e  t h e  n o n - p h y l l o s i l i c a t e  
c o m p o n e n t s  o f  t h e  c o mmo n  m i n e r a l  s u i t e s .  T h e r e  a r e ,  
h o w e v e r ,  m a j o r  d i f f e r e n c e s  i n  t h e  r e l a t i v e  a m o u n t s  o f  t h e  
i n d i v i d u a l  m i n e r a l s  p r e s e n t  a n d  i n  t h e i r  p r o f i l e  d i s t r i b u ­
t i o n  t r e n d s  a m o n g  s o i l s  a n d  w i t h i n  e a c h  t o p o s e q u e n c e .  T h e  
v a r i a t i o n  i n  m i n e r a l o g y  c a n  be  r e l a t e d  t o  d i f f e r e n c e s  i n  
soil parent materials, i n t e r n a l  d r a i n a g e ,  a n d  t h e  d e p t h  t o  
h i g h  l e v e l s  o f  e x c h a n g e a b l e  Na i n  t h e  p r o f i l e s .  T h e  d a t a  i n  
T a b l e s  5 t h r o u g h  1 0  s h o w  r e l a t i v e  a m o u n t s  o f  m i n e r a l s  
i d e n t i f i e d  i n  t h e  c l a y - s i z e  f r a c t i o n s  o f  e a c h  h o r i z o n .  
C o m p a r i s o n s  a m o n g  h o r i z o n s  o f  a  g i v e n  s o i l  r e v e a l  m a j o r  
p r o f i l e  d i s t r i b u t i o n  t r e n d s  f o r  t h e  s p e c i f i c  m i n e r a l s .  O n l y  
g e n e r a l  c o m p a r i s o n s  c a n  b e  m a d e  a m o n g  s o i l s  w i t h i n  a 
t o p o s e q u e n c e  o r  b e t w e e n  t o p o s e q u e n c e s .
K a o l i n i t e
K a o l i n i t e  i s  p r e s e n t  i n  v a r y i n g  a m o u n t s  t h r o u g h o u t  e a c h  
o f  t h e  s i x  s o i l s  s t u d i e d  ( T a b l e s  5 t h r o u g h  1 0 ) .  I t  i s  t h e
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Table 5- Minerals in the clay-size fraction from
selected horizons of the Bonn soil and






0 - 1 0 KSVM QFP
E 1 0 - 3 8 KSVM QFP
Btl 38-71 KSVM QFP
Bt2 71-84 SKVM QFP
Bt3 84-102 SKV QFP
BC1 102-142 SKV QFP
BC2 142-178 SKM QFP
BC3 1 7 8 - 2 0 8 SKM AFP
F - K-feldspar P - Na, Ca-feldspar V - Vermiculite
K - Kaolinite Q - Quartz
M - Micaceous S - Smectite
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Table 6 . Minerals in the clay-size fraction from 
selected horizons of the Groom soil and 






0 - 8 KSVM QFP
BAg 8 - 3 0 KSVM QFP
Btgl 30-58 KSVM QFP
Bt 5 8 - 1 0 2 KVS QFP
B ’tgl 1 0 2-1 2? SKV QFP
B ' tgl 1 2 7 - 1 5 2 SKM QFP
Btg2 1 5 2 - 1 8 3 SKM QFP
2BC 1 8 3 - 2 2 9 SKM QFP
F - K-feldspar P - Na, Ca-feldspar V - Vermiculite
K - Kaolinite Q - Quartz
M - Micaceous S - Smectite
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Table 7. Minerals in the clay-size fraction from
selected horizons of the Mollicy soil and 






0 - 1 3 KVSM QFP
Btl 13-36 KSVM QFP
Bt2 3 6 - 6 6 KSVM QFP
Bt3 6 6 - 8 6 KSM QFP
2Bt4 8 6 - 1 1 7 KSM QFP
2BC1 117-157 SKV QFP
2BC2 157-193 SKM QFP
2BC3 1 9 3 - 2 2 9 KSM QFP
F - K-feldspar P - Na, Ca-feldspar V - Vermiculite
K - Kaolinite Q - Quartz
M - Micaceous S - Smectite
93
Table 8. Minerals in the clay-size fraction from
selected horizons of the Deerford soil and






0 - 2 3 KVMS QFP
E 2 3 - 3 8 KSMV QFP
Btl 38-53 KSMV QFP
Bt2 53-76 SKM QFP
Bt3 119-147 SKM QFP
Bt 5 1 7 0 - 2 1 3 SKM QFP
2Bt7 2 1 3 - 2 6 2 SMK QFP
3C1 2 6 2 - 3 0 0 SMK QFP
3C2 3 0 0 - 3 1 2 SMK QFP
7C6 330-386 SKM QFP
F - K-feldspar P - Na, Ca-feldspar V - Vermiculite
K - Kaolinite Q - Quartz
M - Micaceous S - Smectite
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Table 9* Minerals in the clay-size fraction from
selected horizons of the Gilbert soil and 






0 - 1 5 KMSV QFP
E 15-46 KSM QFP
Btgl 46-102 KSM QFP
Btg3 140-173 KSM QFP
Btg5 208-244 SKM QFP
2C1 3 0 0 - 3 5 8 SKM QFP
202 358-368 SMK QFP
F - K-feldspar P - Na, Ca feldspar V - Vermiculite
K - Kaolinite Q - Quartz
M - Micaceous S - Smectite
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Table 10. Minerals in the clay-size fraction from
selected horizons of the Gigger soil and




Ap cm0 - 1 3 KMSV QFP
Btl 13-43 KMSV QFP
Bt2 43-71 KMSV QFP
Bxl 7 1 - 1 0 2 KMSV QFP
2Bx2 102-140 MKSY QFP
2Bt3 140-254 MSKV QFP
2Bt4 254-307 SMK QFP
2Bt5 307-335 SMK QFP
3C1 335-366 SMK QFP
3C2 3 6 6 - 3 8 9 SMK QFP
4C 389-411 SMK QFP
F - K-feldspar P - Na, Ca-feldspar V - Vermiculite
K - Kaolinite Q - Quartz
M - Micaceous S - Smectite
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m o s t  a b u n d a n t  m i n e r a l  i d e n t i f i e d  i n  t h e  u p p e r  s o l a  o f  a l l  
t h e  s o i l s .  H o w e v e r ,  t h e  r e l a t i v e  a m o u n t s  p r e s e n t  g e n e r a l l y  
d e c r e a s e  w i t h  d e p t h  w i t h  t h e  e x c e p t i o n  o f  t h e  C h o r i z o n  
( 1 9 3 - 2 2 9  c m)  i n  t h e  M o l l i c y  s o i l .  I n  t h a t  h o r i z o n  k a o l i n i t e  
i s  t h e  p r e d o m i n a n t  c l a y  m i n e r a l  p r e s e n t .
I n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e , t h e  d e p t h  
t o  w h i c h  k a o l i n i t e  i s  t h e  p r e d o m i n a n t  m i n e r a l  i d e n t i f i e d  
i n c r e a s e s  i n  t h e  o r d e r  D e e r f o r d  ( 5 3  c m ) ,  G i g g e r  ( 1 0 2  c m ) ,  
G i l b e r t  ( 1 7 3  c m ) .  I n  t h e s e  s o i l s  t h e  r e l a t i v e  a m o u n t s  o f  
k a o l i n i t e  d e c r e a s e s  c o n t i n u o u s l y  w i t h  d e p t h  t h r o u g h o u t  t h e  
s o l u m .  I t  i s  t h e  l e a s t  a b u n d a n t  o f  t h e  p h y l l o s i l i c a t e s  
i d e n t i f i e d  i n  t h e  l o w e r  h o r i z o n s  s a m p l e d  i n  e a c h  o f  t h e  
t h r e e  s o i l s .  A l t h o u g h  t h e  a m o u n t s  p r e s e n t  a r e  a p p r e c i a b l y  
g r e a t e r  i n  s o i l s  i n  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e ,  t h e  
p r o f i l e  d i s t r i b u t i o n  t r e n d s  o f  k a o l i n i t e  a r e  s i m i l a r  t o  
t h o s e  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e .  T h e  
d e p t h s  t o  w h i c h  k a o l i n i t e  w a s  i d e n t i f i e d  a s  t h e  m a j o r  
c o m p o n e n t  i n c r e a s e s  i n  t h e  o r d e r  B o n n  ( 7 1  c m ) ,  Gr o o m ( 1 0 2  
c m ) ,  a n d  M o l l i c y  ( 1 1 7  c m ) .
G e n e r a l l y ,  k a o l i n i t e  i s  s e c o n d  i n  a b u n d a n c e  t o  
s m e c t i t e  i n  m o s t  l o w e r  h o r i z o n s  o f  t h e  B o n n  ( 7 1 - 2 0 8  c m ) ,  
G r o o m  ( 1 0 2 - 2 2 9  c m ) ,  M o l l i c y  ( 1 1 7 - 1 9 3  c m)  a n d  G i l b e r t  ( 2 0 8 -  
3 5 8  c m)  s o i l s .  K a o l i n i t e  w a s  l e s s  a b u n d a n t  t h a n  e i t h e r  
s m e c t i t e  o r  m i c a c e o u s  c l a y s  i n  m u c h  o f  t h e  l o w e r  s o l a  o f  t h e  
D e e r f o r d  ( 2 1 3 - 3 1 2  c m ) ,  G i g g e r  ( 2 5 4 - 4 4 1  c m ) ,  a n d  G i l b e r t  
( 3 5 8 - 3 6 8  c m)  s o i l s .  T h u s ,  t h e r e  i s  a n  o v e r a l l  i n v e r s e
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r e l a t i o n s h i p  b e t w e e n  k a o l i n i t e  a n d  d e p t h  a n d  t o  a l e s s e r  
e x t e n t ,  m i c a c e o u s  c l a y s  i n  t h e  s o i l s .
K a o l i n i t e  i s  g e n e r a l l y  c o n s i d e r e d  t o  b e  t h e  
p h y l l o s i l i c a t e  m i n e r a l  f o r m e d  i n  i n t e n s e  w e a t h e r i n g  
e n v i r o n m e n t s  i n  s o i l s .  T h e  m a j o r  s o u r c e s  o f  k a o l i n i t e  t h a t  
f o r m s  a r e  r e s i d u a l s  o f  m o r e  w e a t h e r a b l e  m i n e r a l s  a n d  
a l t e r a t i o n  p r o d u c t s  o f  o t h e r  c l a y  m i n e r a l s .  T h u s ,  k a o l i n i t e  
i s  t y p i c a l l y  t h e  m o s t  a b u n d a n t  p h y l l o s i l i c a t e  i n  h i g h l y  
w e a t h e r e d  s o i l s .  L i k e w i s e  i t  i s  t y p i c a l l y  m o s t  a b u n d a n t  
i n  t h e  m o s t  h i g h l y  w e a t h e r e d  h o r i z o n  w i t h i n  l e s s  w e a t h e r e d  
s o i l  p r o f i l e s .  K a o l i n i t e  d i s t r i b u t i o n  i n  t h e s e  s o i l s  i s  
c o n s i s t e n t  w i t h  o t h e r  d a t a  i n  t h a t  i t  s h o w s  m a j o r  
d i f f e r e n c e s  i n  d e g r e e  o f  w e a t h e r i n g  a s s o c i a t e d  w i t h  t h e  
d i f f e r e n t  t o p o s e q u e n c e s  a n d  d r a i n a g e  c o n d i t i o n s  w i t h i n  t h e  
t o p o s e q u e n c e s . F o r  e x a m p l e ,  k a o l i n i t e  i s  t h e  p r e d o m i n a n t  
c l a y  m i n e r a l  p r e s e n t  i n  t h e  u p p e r  h o r i z o n s  o f  a l l  t h e  s o i l s .  
T h e  r e l a t i v e  a m o u n t s  p r e s e n t  s h o w  a n  o v e r a l l  d e c r e a s e  w i t h  
d e p t h  w i t h i n  e a c h  o f  t h e  s o i l s .  W i t h i n  e a c h  t o p o s e q u e n c e ,  
t h e  depths t o  m a r k e d  decreases in r e l a t i v e  a m o u n t s  o f  
k a o l i n i t e  i n c r e a s e  w i t h  i m p r o v e d  i n t e r n a l  s o i l  d r a i n a g e .  
T h e  k a o l i n i t e  c o n t e n t  o f  t h e  s o i l  a s  a  w h o l e  increases i n  
t h e  o r d e r  B o n n ,  G r o o m ,  M o l l i c y  i n  t h a t  t o p o s e q u e n c e  a n d  
D e e r f o r d ,  G i l b e r t ,  G i g g e r  i n  t h a t  t o p o s e q u e n c e .  T h e  a m o u n t s  
o f  k a o l i n i t e  p r e s e n t  i n  t h e  u p p e r  s o l a  was g r e a t e r  i n  t h e  
B o n n - G r o o m - M o l 1 i c y  t o p o s e q u e n c e  t h a n  i n  t h e  D e e r f o r d -  
G i l b e r t - G i g g e r  t o p o s e q u e n c e .
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S m e c t i t e
S m e c t i t e  c l a y s  a r e  p r e s e n t  i n  a l l  h o r i z o n s  o f  t h e  s i x  
s o i l s  s t u d i e d .  M i n e r a l s  i n  t h i s  g r o u p  a r e  t h e  l e a s t  
r e s i s t a n t  t o  w e a t h e r i n g  o f  t h e  p h y l l o s i l i c a t e  m i n e r a l s  
i d e n t i f i e d .  T h e r e  a r e  a  n u m b e r  o f  c o n s i s t e n t  r e l a t i o n s h i p s  
b e t w e e n  t h e  a m o u n t s  o f  d i s t r i b u t i o n  o f  s m e c t i t e  a n d  o t h e r  
s o i l  c h a r a c t e r i s t i c s .  S m e c t i t e  i s  n o t  t h e  p r e d o m i n a n t  
m i n e r a l  c o m p o n e n t  i n  t h e  u p p e r  m o s t  h o r i z o n  o f  a n y  o f  t h e  
s o i l s .  T h e  a m o u n t s  p r e s e n t  i n c r e a s e  w i t h  d e p t h  i n  a l l  t h e  
s o i l s  a n d  s m e c t i t e  i s  t h e  m o s t  a b u n d a n t  c o m p o n e n t  i n  a n d  
b e l o w  t h e  l o w e r  s o l u m  i n  a l l  t h e  s o i l s .  T h i s  r e l a t i o n s h i p  
b e t w e e n  s m e c t i t e  c o n t e n t  a n d  s o i l  d e p t h  i s  r e a d i l y  a p p a r e n t  
i n  T a b l e s  5 t h r o u g h  1 0 .  T h e  p r e d o m i n a n c e  o f  k a o l i n i t e  o v e r  
s m e c t i t e  i n  t h e  2BC3 h o r i z o n  a t  1 9 3 - 2 2 9  cm i n  t h e  M o l l i c y  
s o i l  i s  b e l i e v e d  t o  b e  d u e  t o  d i f f e r e n c e s  i n  o r i g i n a l  p a r e n t  
m a t e r i a l  c o m p o s i t i o n  i n  t h e  s t r a t i f i e d  a l l u v i a l  d e p o s i t s  
r e c o g n i z e d  a t  t h i s  d e p t h .  W i t h i n  t h e  r e s p e c t i v e  
t o p o s e q u e n c e s  t h e  a m o u n t s  o f  s m e c t i t e  i n  t h e  u p p e r  s o l a  
d e c r e a s e  i n  t h e  o r d e r  D e e r f o r d ,  G i l b e r t ,  G i g g e r  a n d  B o n n ,  
G r o o m ,  M o l l i c y .  T h e  d e p t h  a t  w h i c h  s m e c t i t e  b e c o m e s  t h e  
p r e d o m i n a n t  m i n e r a l  c o m p o n e n t  i n c r e a s e s  i n  t h e  s a m e  o r d e r  
a m o n g  s o i l s  i n  e a c h  t o p o s e q u e n c e .  A l s o ,  d e p t h s  t o  h i g h  
l e v e l s  o f  e x c h a n g e a b l e  Na i n c r e a s e  i n  t h i s  s a m e  o r d e r  w i t h i n  
e a c h  t o p o s e q u e n c e .  T h e  r e l a t i v e  a m o u n t s  a n d  p r o f i l e  
d i s t r i b u t i o n  t r e n d s  d e s c r i b e d  a r e  c o n s i s t e n t  w i t h  e x p e c t e d  
r e l a t i o n s h i p s  b e t w e e n  s m e c t i t e s  a n d  l e s s  w e a t h e r a b l e
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phyllosilicates in soils such as these. The smectite 
present is considered to have been inherited from the parent 
materials and or to have formed within the soil. The stabi­
lity of smectites in soils typically decrease with increas­
ing acidity, increasing severity of leaching, decreasing 
bases especially Mg, and decreasing Si to A1 ratio. Other 
data from the study demonstrate these overall relationships 
with respect to smectite in these soils.
Micaceous Clay Minerals
Micaceous clays were identified in all the soils stu­
died. The amounts present and their profile distribution 
trends are less consistent than for other phyllosilicate 
minerals identified. They are the least abundant of the 
phyllosilicates present in all horizons from the Bonn-Groom- 
Mollicy soil toposequence. The amounts present in this to­
posequence are quite small and each of the soils contain 
horizons that lack identifiable quantities of micaceous 
clay at depths somewhere between 8^ and 157 cm. There are 
no appreciable differences in the relative amounts of mica­
ceous clays in the clay-size fractions from the different 
soils in the Bonn-Groom-Mollicy soil toposequence. Within 
the solum of these soils the amounts present decrease over­
all with depth to non-detecable levels at depths somewhere 
between 8^ and 157 cm, then increase at greater depths.
The amounts of micaceous clays present are greater in
soils in the Deerford-Gilbert-Gigger than in those in the 
Bonn-Groom-Mollicy toposequence. They are present in
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i d e n t i f i a b l e  a m o u n t s  i n  t h e  c l a y - s i z e  f r a c t i o n  f r o m  a l l  
h o r i z o n s  i n  t h e  s o i l s  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  
t o p o s e q u e n c e .  The largest relative amounts are in 
t h e  G i g g e r  s o i l  f o l l o w e d  by D e e r f o r d  w i t h  t h e  G i l b e r t  h a v i n g  
t h e  l e a s t .  I n  t h e  D e e r f o r d  s o i l  t h e  a m o u n t s  p r e s e n t  
i n c r e a s e  w i t h  d e p t h  t h r o u g h o u t  t h e  s o l u m  t o  t h e  u n d e r l y i n g  
s t r a t i f i e d  a l l u v i a l  d e p o s i t s .  T h e  a m o u n t s  p r e s e n t  are 
r e l a t i v e l y  u n i f o r m  t h r o u g h o u t  t h e  G i g g e r  s o i l  w h e r e  
m i c a c e o u s  c l a y s  are t h e  s e c o n d  m o s t  a b u n d a n t  p h y l l o s i l i c a t e  
p r e s e n t  e x c e p t  i n  t h e  2B h o r i z o n s  a t  1 0 2 - 2 5 4  c m,  w h e r e  t h e y  
are t h e  m o s t  a b u n d a n t .  I n  t h e  G i l b e r t  s o i l  m i c a c e o u s  
c l a y s  are t h e  l e a s t  a b u n d a n t  o f  t h e  p h y l l o s i l i c a t e s  p r e s e n t  
e x c e p t  i n  t h e  Ap ( 0 - 5  c m)  a n d  C2 ( 3 5 8 - 3 6 8  c m)  h o r i z o n s .
T h e  m i c a c e o u s  c l a y s  i d e n t i f i e d  i n  t h e s e  s o i l s  a r e
i n h e r i t e d  f r o m  t h e  p a r e n t  m a t e r i a l s .  D u r i n g  w e a t h e r i n g  a n d
s o i l  f o r m a t i o n  p r o c e s s e s  t h e s e  m i n e r a l s  may r e m a i n  u n a l t e r e d
o r  u n d e r g o  s e v e r a l  a l t e r a t i o n s .  T h r o u g h  t h e  l o s s  o f
i n t e r l a y e r  K w h i c h  may  b e  s u b s e q u e n t l y  r e p l a c e d  by
e x c h a n g e a b l e  b a s e s ,  t h e s e  m i n e r a l s  may e x h i b i t  s m e c t i t e
c h a r a c t e r i s t i c s .  I n t e r l a y e r  K may b e  r e m o v e d  a n d  t h e
3-x
m i n e r a l s  s u b s e q u e n t l y  i n t e r l a y e r e d  w i t h  A1(0H) o r  t h e y  may 
u n d e r g o  c h e m i c a l  b r e a k d o w n  r e l e a s i n g  c o m p o u n d s  e s s e n t i a l  t o  
f o r m a t i o n  o f  s e c o n d a r y  m i n e r a l s  s u c h  a s  k a o l i n i t e .  T h e  
a m o u n t s  a n d  d i s t r i b u t i o n  o f  m i c a c e o u s  c l a y s  a n d  o t h e r  
p h y l l o s i l i c a t e s  a r e  c o n s i s t e n t  w i t h  a n y  c o m b i n a t i o n  o f  t h e s e  
p r o c e s s e s  b e i n g  o p e r a t i v e  i n  t h e  s o i l s  s t u d i e d .
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S o i l  V e r m i c u l i t e
S m a l l  a m o u n t s  o f  s o i l  v e r m i c u l i t e  a r e  p r e s e n t  i n  t h e  
u p p e r m o s t  h o r i z o n  o f  a l l  t h e  s o i l s .  I t  i s  n o t  t h e  
p r e d o m i n a n t  m i n e r a l  c o m p o n e n t  i n  a n y  h o r i z o n  f r o m  a n y  o f  t h e  
s o i l s .  T h e  r e l a t i v e  a m o u n t s  p r e s e n t  d e c r e a s e  w i t h  d e p t h  i n  
a l l  t h e  s o i l s  a n d  i t  w a s  n o t  i d e n t i f i e d  i n  t h e  l o w e r m o s t  
h o r i z o n  f r o m  a n y  o f  t h e  s o i l s .  I t  i s  t h e  l e a s t  a b u n d a n t  o f  
t h e  p h y l l o s i l i c a t e s  p r e s e n t  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  
t o p o s e q u e n c e  e x c e p t  f o r  t h e  Ap h o r i z o n  ( 0 - 2 3  c m)  o f  t h e  
D e e r f o r d  s o i l .  I n  t h a t  h o r i z o n  i t  i s  s e c o n d  i n  a b u n d a n c e  
a f t e r  k a o l i n i t e .  T h e  d e p t h  t o  w h i c h  s o i l  v e r m i c u l i t e  w a s  
i d e n t i f i e d  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  t o p o s e q u e n c e  
d e c r e a s e d  i n  t h e  o r d e r  G i g g e r  ( 2 5 4  c m ) ,  D e e r f o r d  ( 5 3  c m ) ,  
G i l b e r t  ( 1 5  c m ) .
T h e  r e l a t i v e  a m o u n t s  o f  v e r m i c u l i t e  a r e  g r e a t e r  i n  
s o i l s  i n  t h e  B o n n - G r o o m - G i g g e r  t o p o s e q u e n c e .  T h e  m i n e r a l  
h a s  s i m i l a r  p r o f i l e  d i s t r i b u t i o n  t r e n d s  i n  b o t h  
t o p o s e q u e n c e s ,  b u t  t h e  d e p t h s  t o  w h i c h  i t  w a s  i d e n t i f i e d  i s  
g r e a t e r  i n  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e  a n d  decreases 
i n  t h e  o r d e r  M o l l i c y  ( 1 5 7  c m ) ,  B o n n  ( 1 4 2  c m ) ,  Gr o o m ( 1 2 7  
c m ) .  S o i l  v e r m i c u l i t e  i s  p r e s e n t  i n  lesser a m o u n t s  t h a n  
k a o l i n i t e  i n  a l l  h o r i z o n s .  I t  i s  m o r e  a b u n d a n t  t h a n  
m i c a c e o u s  c l a y s  i n  a l l  h o r i z o n s  t o  a d e p t h  o f  6 6 , 1 2 7 ,  a n d  
1 4 2  c m,  r e s p e c t i v e l y ,  i n  t h e  M o l l i c y ,  Gr o o m a n d  Bo n n  s o i l s .  
I t  i s  m o r e  a b u n d a n t  t h a n  b o t h  s m e c t i t e  a n d  m i c a c e o u s  c l a y s  
i n  t h e  Ap h o r i z o n  ( 0 - 1 3  c m)  o f  t h e  M o l l i c y  s o i l .
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S o i l  m i n e r a l  c o m p o n e n t s  a n a l a g o u s  t o  t h e  s o i l - f o r m e d  
v e r m i c u l i t e  i d e n t i f i e d  i n  t h e s e  s o i l s  h a v e  b e e n  d e s c r i b e d  by 
ma n y  o t h e r  w o r k e r s  ( B a r n h i s e l ,  1 9 7 7 ;  J a c k s o n ,  1 9 6 3 ;  S a w h n e y ,  
1 9 7 7 ) .  T h e s e  m i n e r a l s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  be  
a l t e r a t i o n  p r o d u c t s  o f  e x i s t i n g  2 : 1  l a y e r  s i l i c a t e  c l a y s ,  
m o s t l y  m i c a c e o u s  c l a y s  a n d  s m e c t i t e s .  T h e  a l t e r a t i o n  
p r o c e s s  t o  f o r m  s o i l - f o r m e d  v e r m i c u l i t e  r e q u i r e s  t h e  r e m o v a l  
o f  i n t e r l a y e r  K f r o m  m i c a c e o u s  c l a y s  o r  e x c h a n g e a b l e  c a t i o n s  
f r o m  i n t e r  l a y e r  p o s i t i o n  i n  s m e c t i t e s  t o g e t h e r  w i t h
3 - x
s u b s e q u e n t  p r e c i p i t a t i o n  o f  n o n - e x c h a n g e a b l e  A 1 ( 0 H )  ( w h e r e
X
x < 3 )  i n  t h e  i n t e r l a y e r  p o s i t i o n .  R i c h  ( 1 9 6 8 )  h a s
3-x
d e s c r i b e d  t h e  c o n d i t i o n  m o s t  f a v o r a b l e  f o r  A 1 ( 0 H )  i n t e r -  
l a y e r i n g  a s :  ( 1 )  a c t i v e  w e a t h e r i n g  t o  f u r n i s h  A1 i o n s ,  ( 2 )
m o d e r a t e  a c i d  pH,  a b o u t  5 . 0 ,  ( 3 )  l o w  o r g a n i c  m a t t e r  c o n t e n t ,
a n d  f r e q u e n t  w e t t i n g  a n d  d r y i n g .  T h u s ,  s o i l  f o r m e d  
v e r m i c u l i t e  i s  t y p i c a l l y  m o s t  a b u n d a n t  i n  h i g h l y  w e a t h e r e d  
s o i l s  a n d  o r  i n  t h e  m o s t  h i g h l y  w e a t h e r e d  h o r i z o n s  w i t h i n  a 
p a r t i c u l a r  s o i l  p r o v i d e d  t h e  s o i l  o r i g i n a l l y  c o n t a i n e d  t h e  
l a y e r  l a t t i c e  c l a y s  t o  s e r v e  a s  a p r e c u r s o r  t o  i t s  
f o r m a t i o n .  S e v e r a l  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  a r e  
c o n s i s t e n t  w i t h  t h i s  o c c u r r e n c e  a n d  d i s t r i b u t i o n .  F o r  
e x a m p l e ,  t h e  l a r g e s t  a m o u n t  o f  t h i s  m i n e r a l  i s  p r e s e n t  i n  
t h e  s u r f a c e  a n d  n e a r  s u r f a c e  h o r i z o n s  i n  a l l  t h e  s o i l s .  T h e  
a m o u n t s  p r e s e n t  d e c r e a s e  w i t h  i n c r e a s i n g  d e p t h  i n  a l l  t h e  
s o i l s  s t u d i e d .  T h e r e  i s  a n  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  t h e  
a m o u n t  o f  s o i l  f o r m e d  v e r m i c u l i t e  a n d  t h e  a m o u n t  o f  s m e c t i t e
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and micaceous clays with increasing depth in all the soils. 
When the entire solum is considered, the largest amounts of 
soil formed vermiculite are present in the best drained and 
most weathered soil within each toposequence studied. Other 
results from this study indicate that the Bonn-Groom-Mollicy 
is the most highly weathered of the two toposequence 
studied. The amounts of soil formed vermiculite are much 
greater in this toposequence than in the Deerford-Gilbert- 
Gigger toposequence.
Non-phyllosilicate
Small amounts of three non-phyllosilicate minerals, 
quartz, alkali feldspars and plagioclase feldspars, were 
identified in the clay-size fraction from all horizon of 
each of the soils studied.
Quartz
Quartz is present in much larger amounts than other 
minerals in all horizons from all the soils. Two consistent 
trends exist with respect to quartz although neither is 
evident from the data in Table 5 through 10. First, there 
is an overall decrease in the amounts of quartz in the clay- 
size fraction with increasing depth within the solum of each 
soil. Second, the relative amount of quartz is greater in 
the Bonn-Groom-Mollicy compared to the Deerford-Gilbert- 
Gigger toposequence. The explanation for these 
distribution patterns that follows assumes that the 
quartz was an initial component of the soil parent
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r a a t e r i a l s .  F i r s t ,  l o s s  o f  e a s i l y  o r  m o r e  r e a d i l y  w e a t h e r e d  
m i n e r a l s  t h a n  q u a r t z  r e s u l t s  i n  a r e s i d u a l  a c c u m u l a t i o n  o f  
q u a r t z  r e l a t i v e  t o  o t h e r  m i n e r a l s  i n  t h e  c l a y - s i z e  f r a c t i o n .  
S e c o n d ,  b o t h  p h y s i c a l  a n d  c h e m i c a l  w e a t h e r i n g  o f  l a r g e r  t h a n  
c l a y  s i z e  q u a r t z  c o n t r i b u t e s  t o  t h e  q u a r t z  c o n t e n t  o f  t h e  
c l a y  s i z e  f r a c t i o n .  D e c r e a s i n g  i n t e n s i t y  o f  b o t h  p r o c e s s e s  
w i t h  i n c r e a s i n g  d e p t h  c a n  e x p l a i n  t h e  p r o f i l e  d i s t r i b u t i o n  
t r e n d s  w i t h i n  t h e  s o i l s .  T h e  g r e a t e r  e x p r e s s i o n  o f  t h e s e  
p r o c e s s e s  i n  t h e  m o r e  w e a t h e r e d  B o n n - G r o o m - M o l l i c y  
t o p o s e q u e n c e  c a n  e x p l a i n  t h e  d i f f e r e n c e s  b e t w e e n  r e l a t i v e  
a m o u n t s  o f  q u a r t z  i n  i t  a n d  t h e  D e e r f o r d - G i 1 b e r t - G r o o m  
t o p o s e q u e n c e .
F e l d s p a r s
O n l y  t r a c e  a m o u n t s  o f  K - f e l d s p a r s  a n d  N a ,  C a - f e l d s p a r s  
w e r e  i d e n t i f i e d  a l t h o u g h  b o t h  w e r e  p r e s e n t  i n  t h e  c l a y - s i z e  
f r a c t i o n  f r o m  a l l  h o r i z o n s  f r o m  a l l  t h e  s o i l s .  P o t a s s i u m -  
f e l d s p a r s  are p r e s e n t  i n  l a r g e r  q u a n t i t i e s  t h a n  t h e  m o r e  
w e a t h e r a b l e  N a ,  C a - f e l d s p a r s  i n  a l l  t h e  c l a y - s i z e  f r a c t i o n s .  
R e l a t i v e l y ,  g r e a t e r  a m o u n t s  o f  f e l d s p a r s  are p r e s e n t  i n  t h e  
D e e r f o r d - G i l b e r t - G i g g e r  t h a n  i n  t h e  B o n n - G r o o m - M o l l i c y  s o i l  
t o p o s e q u e n c e .  M a j o r  d i f f e r e n c e s  i n  f e l d s p a r  c o n t e n t s  a mo n g  
s o i l s  w i t h i n  a t o p o s e q u e n c e  are n o t  a p p a r e n t .  H o w e v e r ,  
w i t h i n  t h e  s m a l l  a m o u n t s  p r e s e n t ,  t h e r e  are c o n s i d e r a b l e  
d i f f e r e n c e s  i n  f e l d s p a r  c o n t e n t s  a m o n g  h o r i z o n s ,  i n c l u d i n g  
a d j a c e n t  h o r i z o n s  w i t h i n  a s o i l .  T h e r e  i s ,  h o w e v e r ,  a n
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o v e r a l l  i n c r e a s e  i n  b o t h  K a n d  N a ,  C a - f e l d s p a r  c o n t e n t s  i n  
t h e  c l a y - s i z e  f r a c t i o n s  f r o m  t h e  l o w e r  s o l a  c o m p a r e d  t o  
u p p e r  h o r i z o n s  o f  a l l  t h e  s o i l s .
F e l d s p a r s  i n  s o i l s  a r e  i n h e r i t e d  f r o m  t h e  p a r e n t  
m a t e r i a l  a n d  a r e  t y p i c a l l y  c o n c e n t r a t e d  i n  t h e  s i l t  a n d  s a n d  
s i z e  f r a c t i o n s .  T h e y  a r e  a l s o  t y p i c a l l y  p r e s e n t  i n  t r a c e  
a m o u n t s  i n  t h e  c l a y - s i z e  f r a c t i o n .  T h e i r  p r e s e n c e  i n  t h e  
c l a y - s i z e  f r a c t i o n  i s  a t t r i b u t e d  l a r g e l y  t o  p h y s i c a l  a n d  
c h e m i c a l  w e a t h e r i n g  o f  l a r g e r  p a r t i c l e s  t o  c l a y - s i z e .  T h e i r  
a m o u n t s  a n d  p r o f i l e  d i s t r i b u t i o n s  i n  t h e  c l a y - s i z e  f r a c t i o n  
a r e  l a r g e l y  f u n c t i o n s  o f  t h e  a m o u n t s  p r e s e n t  i n  t h e  n o n - c l a y  
f r a c t i o n s ,  t h e  i n t e n s i t y  o f  c h e m i c a l  a n d  p h y s i c a l  w e a t h e r i n g  
p r o c e s s e s  w i t h  r e s p e c t  t o  f e l d s p a r s  a n d  t h e  w e a t h e r a b i l i t y  
o f  t h e  d i f f e r e n t  f e l d s p a r  m i n e r a l s  p r e s e n t .  T h e  a m o u n t s  a n d  
d i s t r i b u t i o n  p a t t e r n s  o f  t h e  f e l d s p a r s  d e s c r i b e d  i n  t h e s e  
s o i l s  i n d i c a t e  d e c r e a s i n g  i n t e n s i t y  o f  w e a t h e r i n g  w i t h  
i n c r e a s i n g  d e p t h  w i t h i n  t h e  s o i l s .  T h e s e  s a m e  c r i t e r i a  
i n d i c a t e  t h a t  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e  i s  m o r e  
h i g h l y  w e a t h e r e d  t h a n  t h e  D e e r f o r d - G i l b e r t - G i g g e r
t o p o s e q u e n c e .
T o t a l  N o n e x c h a n g e a b l e  C a l c i u m ,  P o t a s s i u m  a n d  S o d i u m
C o n t e n t  o f  t h e  S o i l s
T h e  w h o l e  s o i l  ( <  2 mm) f r a c t i o n  o f  e a c h  h o r i z o n  f r o m  
e a c h  s o i l  w a s  a n a l y z e d  f o r  t o t a l  c o n t e n t  o f  a n u m b e r  o f  
e l e m e n t s  i n c l u d i n g  C a , Na a n d  K.  T h e  a m o u n t s  o f  t h e  C a ,  Na 
a n d  K w e r e  t h e n  r e d u c e d  by t h e  a m o u n t s  p r e s e n t  i n  t h e
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e x c h a n g e a b l e  f o r m  a n d  t h e s e  r e s u l t s  a r e  r e p o r t e d  i n  A p p e n d i x  
3 .
T h e  g r a p h s  i n  F i g u r e s  4 t h r o u g h  9 i l l u s t r a t e  t h e
r e l a t i o n s h i p s  w i t h i n  e a c h  s o i l  w h e n  n o n e x c h a n g e a b l e  C a , Na
a n d  K a r e  e x p r e s s e d  o n  t h e  b a s i s  o f  c h e m i c a l  e q u i v a l e n t  a n d
a s  p e r c e n t  o f  t h e  p u r e  e n d  m e m b e r  f e l d s p a r  m i n e r a l  a l b i t e
( N a A l S i g O g ) ,  a n o r t h i t e  ( C a A l g S i ^ O g )  a n d  o r t h o c l a s e  ( K A l S i ^ O g ) .
T h e  l e f t  h a l f  o f  e a c h  f i g u r e  s h o w s  t h e  r e l a t i o n s h i p s  on  a
"4*
c h e m i c a l  b a s i s  w i t h  t h e  (cmol(p )/kg) o f  n o n e x c h a n g e a b l e  
C a , Na a n d  K e x p r e s s e d  a s  f r a c t i o n  o f  t h e  s um o f  t h e  
(cmol(p+)/kg) o f  Ca , K a n d  N a .  T h e  r i g h t  h a l f  o f  e a c h  
f i g u r e  s h o w s  t h e  r e l a t i o n s h i p  w h e n  t o t a l  n o n e x c h a n g e a b l e  Ca ,
Na a n d  K a r e  e x p r e s s e d  a s  p e r c e n t  c o m p o s i t i o n  on  a w h o l e  
s o i l  b a s i s  o f  t h e  a p p r o p r i a t e  e n d  m e m b e r  f e l d s p a r s .
T h e  d a t a  i n  A p p e n d i x  3 a n d  t h e  g r a p h s  i n  F i g u r e s  4 
t h r o u g h  9 i l l u s t r a t e  a  n u m b e r  o f  p o i n t s  o f  p a r t i c u l a r  
i n t e r e s t  i n  t h i s  s t u d y .  A c o m p a r i s o n  o f  a n a l o g o u s  s o i l s  
( D e e r f o r d  v e r s u s  B o n n ,  e t c . )  f r o m  t h e  t w o  t o p o s e q u e n c e s  w i t h  
r e s p e c t  t o  n o n - e x c h a n g e a b l e  a m o u n t s  o f  e i t h e r  C a , Na o r  K 
i n d i c a t e  t h a t  t h e  B o n n - G r o o m - M o l l i c y  t o p o s e q u e n c e  i s  t h e  
m o s t  w e a t h e r e d .  T h a t  i s ,  s o i l s  i n  t h a t  t o p o s e q u e n c e  h a v e  
s m a l l e r  q u a n t i t i e s  o f  n o n - e x c h a n g e a b l e  C a , Na a n d  K t h a n  
a n a l a g o u s  s o i l s  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r
t o p o s e q u e n c e s .  T h e  t w o  t o p o s e q u e n c e s  a l s o  d i f f e r  
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Figure 4. Profile distribution of the relative partition 
fractions of Ca, K and Na and percent of pure 
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Figure 5. Profile distribution of the relative partition 
fractions of Ca, K and Na and percent of pure 
end member feldspar mineral equivalent in the 
Groom whole-soil (< 2.0 mm).
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Figure 6. Profile distribution of the relative partition 
fractions of Ca, K and Na and percent of pure 
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Figure 7. Profile distribution of the relative partition 
fractions of Ca, K and Na and percent of pure 





























Figure 8. Profile distribution of the relative partition 
fractions of Ca, K and Na and percent of pure 







Giggert Fine-silty, mixed 
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Figure 9. Profile distribution of the relative partition 
fractions of Ca, K and Na and percent of pure 
end member feldspar mineral equivalent in the 
Gigger whole-soil(<2.0 mm).
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Na a n d  K i n  t h e  i n d i v i d u a l  s o i l s .  I n  t h e  B o n n - G r o o m - M o l l i c y  
t o p o s e q u e n c e  n o n - e x c h a n g e a b l e  f o r m s  o f  Na e x c e e d s  K w h i c h  i n  
t u r n  e x c e e d s  Ca i n  a l l  t h e  s o i l s .  S o i l s  i n  t h e  D e e r f o r d -  
G i l b e r t - G i g g e r  t o p o s e q u e n c e  d i f f e r  s i g n i f i c a n t l y  i n  t h a t  a l l  
a r e  c h a r a c t e r i z e d  by  m o r e  n o n - e x c h a n g e a b l e  K t h a n  Na  w h i c h ,  
i n  t u r n ,  e x c e e d s  C a .
C a l c i u m . S o i l s  i n  t h e  t w o  t o p o s e q u e n c e s  d i f f e r  
m a r k e d l y  i n  t h e  a m o u n t s  o f  n o n - e x c h a n g e a b l e  C a .  T h e  B o n n ,
G r o o m a n d  M o l l i c y  s o i l s  a r e  c h a r a c t e r i z e d  by n o n ­
e x c h a n g e a b l e  Ca c o n t e n t s  t h a t  a r e  q u i t e  l o w  ( 1 0 6 0  m g / k g  )
t h r o u g h o u t  t h e  s o l u m .  E x c h a n g e a b l e  Ca g r e a t l y  e x c e e d s  n o n ­
e x c h a n g e a b l e  Ca  i n  a l l  h o r i z o n s  o f  t h e  B o n n  s o i l .  I n  t h e
Gr o o m a n d  M o l l i c y  s o i l s  n o n - e x c h a n g e a b l e  Ca e x c e e d s
e x c h a n g e a b l e  Ca i n  m o s t ,  b u t  n o t  a l l  h o r i z o n s  a n d  t h e  r a t i o  
o f  n o n - e x c h a n g e a b l e  t o  e x c h a n g e a b l e  Ca  i s  g e n e r a l l y  g r e a t e r  
i n  t h e  l o w e r  t h a n  i n  t h e  u p p e r  s o l u m .  I n  c o n t r a s t ,  t h e  
D e e r f o r d ,  G i l b e r t  a n d  G i g g e r  s o i l s  h a v e  n o n - e x c h a n g e a b l e  Ca 
c o n t e n t s  o f  a s  m u c h  a s  8 8 0 0  m g / k g  i n  s o m e  h o r i z o n s  a n d
l e s s  t h a n  1 0 6 0  m g / k g  i n  o n l y  s e v e n  o u t  o f  t h e  35  h o r i z o n s .  
T h e  n o n - e x c h a n g e a b l e  Ca c o n t e n t s  a r e  m u c h  g r e a t e r  i n  t h e  
l o w e r  t h a n  t h e  u p p e r  s o l u m  o f  t h e  D e e r f o r d ,  G i l b e r t  a n d
G i g g e r  s o i l s .  N o n - e x c h a n g e a b l e  Ca  e x c e e d s  e x c h a n g e a b l e  Ca 
i n  a l l  b u t  f o u r  h o r i z o n s  ( G i g g e r  s o i l  1 3 - 4 3  cm a n d  G i l b e r t  
s o i l  4 6 - 6 6 ,  6 6 - 1 0 2  a n d  1 0 2 - 1 4 0  c m)  i n  t h e s e  s o i l s  a n d  t h e
r a t i o  o f  n o n - e x c h a n g e a b l e  Ca  t o  e x c h a n g e a b l e  Ca i s  g r e a t e r  
i n  t h e  l o w e r  t h a n  i n  t h e  u p p e r  h o r i z o n s  i n  t h e s e  s o i l s .
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Potassium. Soils in both toposequences studied have ex­
changeable K contents of 117 mg/kg or less throughout. The 
amounts of non-exchangeable K are low but exceed exchange­
able K in all horizons from all soils in the Bonn-Groom-Mol­
licy toposequence. Non-exchangeable K content shows an over­
all increase with depth from 3061 to 6579 mg/kg in the Groom 
soil. In contrast non-exchangeable K decreases overall with 
depth in the Mollicy soil where it ranges from 6 6 0 7 to 1435 
mg/kg at 13 to 36 and 157 to 193 cm, respectively. Non­
exchangeable K content of the Bonn soil ranges from 2044 to 
3994 mg/kg without a definite profile distribution trend.
Although the amounts of exchangeable K are very 
comparable in soils from both toposequences, the non­
exchangeable K contents of the Deerford, Gilbert and Gigger 
soils are much greater than in the Bonn, Groom and Mollicy 
soils. In fact, there is no overlap in non-exchangeable K 
content between soils in the two toposequences. That is, 
minimum amounts (113^9 mg/kg ) of K in Deerford, Gilbert, 
Gigger soils exceed the maximum (6579 mg/kg ) in the Bonn 
Groom and Mollicy soils by almost two fold. In addition ,
The amounts present are more uniform with depth in the 
Deerford, Gilbert and Gigger soils although horizons in the 
lower solum tend, overall to have greater amounts than those 
in the upper solum. Also the amounts present do not differ 
appreciably among the Deerford, Gilbert and Gigger soils.
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S o d i u m . D i f f e r e n c e s  i n  t h e  c o n t e n t  a n d  p r o f i l e  
d i s t r i b u t i o n  o f  e x c h a n g e a b l e  Na w a s  o n e  o f  t h e  c r i t e r i a  u s e d  
i n  s e l e c t i n g  t h e  s o i l s  f o r  i n c l u s i o n  i n  t h i s  s t u d y .  I n  o n l y  
t w o  h o r i z o n s  ( B o n n  1 4 2 - 1 7 8  a n d  1 7 8 - 2 0 8  c m)  f r o m  a l l  t h e  
s o i l s  d o e s  t h e  e x c h a n g e a b l e  e x c e e d  n o n - e x c h a n g e a b l e  N a .  
C o m p a r i s o n  o f  n o n - e x c h a n g e a b l e  a n d  e x c h a n g e a b l e  Na c o n t e n t s  
s h o w  no  o t h e r  c o n s i s t e n t  r e l a t i o n s  h i p s  b e t w e e n  t h e s e  t wo  
c o m p o n e n t s  b e t w e e n  t o p o s e q u e n c e s  o r  a m o n g  s o i l s  w i t h i n  a 
t o p o s e q u e n c e .
I n  t h e  B o n n ,  G r o o m  a n d  M o l l i c y  s o i l s  n o n - e x c h a n g e a b l e  
Na e x c e e d s  n o n - e x c h a n g e a b l e  Ca a n d  K i n  a l l  e x c e p t  t h r e e  
h o r i z o n s  ( B o n n  1 7 8 - 2 0 8 ,  G r o o m  1 8 3 - 2 2 9  a n d  M o l l i c y  0 - 1 3  c m ) .  
T h e  p r o f i l e  d i s t r i b u t i o n  t r e n d  o f  n o n - e x c h a n g e a b l e  Na i s  
s i m i l a r  i n  a l l  t h r e e  s o i l s  i n  t h a t  t h e  a m o u n t s  s h o w  a 
g e n e r a l  i n c r e a s e  w i t h  d e p t h  t o  a ma x i mu m i n  t h e  B h o r i z o n  
a n d  t h e n  d e c r e a s e  a t  e v e n  g r e a t e r  d e p t h s  i n  t h e  s o l u m .  T h e  
a c t u a l  a m o u n t s  o f  n o n - e x c h a n g e a b l e  Na r a n g e  f r o m  2 9 4  t o  
1 0 1 4 3  m g / k g  . T o t a l  n o n - e x c h a n g e a b l e  Na i n  t h e  s o l u m  
d e c r e a s e s  i n  t h e  o r d e r  o f  G r o o m ,  B o n n  a n d  M o l l i c y .
I n  t h e  D e e r f o r d ,  G i l b e r t  a n d  G i g g e r  s o i l s  n o n ­
e x c h a n g e a b l e  Na e x c e e d s  n o n - e x c h a n g e a b l e  Ca i n  a l l  b u t  o n e  
h o r i z o n  ( D e e r f o r d ,  2 1 3 - 2 6 2  c m ) .  N o n - e x c h a n g e a b l e  Na i s  l e s s  
t h a n  n o n - e x c h a n g e a b l e  K i n  a l l  b u t  f o u r  h o r i z o n s  ( D e e r f o r d ,  
7 6 - 1 1 9  a n d  G i g g e r ,  0 - 7 3  c m ) .  T h e  a c t u a l  a m o u n t s  o f  n o n ­
e x c h a n g e a b l e  Na i n  t h e s e  t h r e e  s o i l s  r a n g e s  f r o m  4 1 0 3  t o  
2 0 0 1 0  m g / k g  . T h e  p r o f i l e  d i s t r i b u t i o n  o f  n o n - e x c h a n g e a b l e  
Na i s  n e a r l y  u n i f o r m  i n  t h e  G i l b e r t  s o i l .  T h e  a m o u n t s  a r e
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g e n e r a l l y  g r e a t e r  i n  t h e  l o w e r  t h a n  u p p e r  h o r i z o n s  o f  t h e  
D e e r f o r d  s o i l .  C o n v e r s e l y ,  u p p e r  h o r i z o n s  o f  t h e  G i g g e r  
s o i l  g e n e r a l l y  h a v e  g r e a t e r  a m o u n t s  o f  n o n - e x c h a n g e a b l e  Na 
t h a n  h o r i z o n s  i n  t h e  l o w e r  s o l u m .  T h e  t o t a l  a m o u n t  o f  n o n ­
e x c h a n g e a b l e  Na i n  t h e  s o l u m  d e c r e a s e s  i n  t h e  o r d e r  
D e e r f o r d ,  G i l b e r t  a n d  G i g g e r .
C o m p a r i s o n s  o f  E x c h a n g e a b l e  a n d  N o n - E x c h a n g e a b l e  C a l c i u m ,  
Potassium a n d  S o d i u m
A n u m b e r  o f  d i f f e r e n c e s  a n d  s i m i l a r i t i e s  e x i s t  a m o n g  
t h e  s o i l s  b e t w e e n  t o p o s e q u e n c e s  a n d  a mo n g  s o i l s  w i t h i n  a 
t o p o s e q u e n c e  w i t h  r e s p e c t  t o  t h e  r e l a t i v e  q u a n t i t i e s  a n d  
p r o f i l e  d i s t r i b u t i o n  o f  N a ,  Ca a n d  K.
I n  b o t h  t o p o s e q u e n c e s  t h e  a m o u n t s  o f  n o n - e x c h a n g e a b l e  
Na e x c e e d  e x c h a n g e a b l e  Na i n  a l l  t h e  s o i l s .  T h e  n o n ­
e x c h a n g e a b l e  Na c o n t e n t  i s  m u c h  h i g h e r  i n  t h e  D e e r f o r d ,  
G i l b e r t ,  a n d  G i g g e r  s o i l s  c o m p a r e d  t o  t h e  B o n n ,  G r o o m ,  
a n d  M o l l i c y .  T h e  p r o f i l e  d i s t r i b u t i o n  o f  n o n - e x c h a n g e a b l e  
Na f o r  e a c h  s o i l  i s  d i f f e r e n t  i n  b o t h  t o p o s e q u e n c e s .
T h e  a m o u n t s  o f  n o n - e x c h a n g e a b l e  Ca a r e  l e s s  t h a n  
e x c h a n g e a b l e  Ca i n  a l l  h o r i z o n s  o f  t h e  Bo n n  s o i l  a n d  e i t h e r  
l e s s  o r  o n l y  s l i g h t l y  g r e a t e r  t h a n  e x c h a n g e a b l e  Ca i n  a l l  
h o r i z o n s  o f  b o t h  G r o o m a n d  M o l l i c y .  T h e  n o n - e x c h a n g e a b l e  Ca 
c o n t e n t  i s  m u c h  h i g h e r  i n  t h e  D e e r f o r d ,  G i l b e r t  a n d  G i g g e r  
s o i l s  c o m p a r e d  t o  t h e  B o n n ,  G r o o m a n d  M o l l i c y .  N o n ­
e x c h a n g e a b l e  Ca e x c e e d s  e x c h a n g e a b l e  Ca s e v e r a l  f o l d  i n  m o s t
11?
h o r i z o n s  f r o m  t h e  D e e r f o r d ,  G i l b e r t  a n d  G i g g e r  s o i l s .  I n  
o n l y  o n e  h o r i z o n  e a c h  o f  t h e  D e e r f o r d  a n d  G i g g e r  a n d  t wo  
h o r i z o n s  o f  t h e  G i l b e r t  s o i l s  d o e s  e x c h a n g e a b l e  Ca e x c e e d  
n o n - e x c h a n g e a b l e  C a .
T h e  a m o u n t s  o f  n o n - e x c h a n g e a b l e  K g r e a t l y  e x c e e d  
e x c h a n g e a b l e  K i n  a l l  h o r i z o n s  f r o m  a l l  t h e  s o i l s .  T h e  
d i f f e r e n c e s ,  h o w e v e r ,  a r e  mu c h  g r e a t e r  i n  t h e  D e e r f o r d ,  
G i l b e r t ,  a n d  G i g g e r  s o i l s  t h a n  i n  t h e  B o n n ,  G r o o m ,  a n d  
M o l l i c y .  W i t h i n  e a c h  t o p o s e q u e n c e  n o n - e x c h a n g e a b l e  K d e ­
c r e a s e s  i n  t h e  o r d e r  G r o o m ,  M o l l i c y ,  Bo n n  a n d  G i g g e r ,  G i l ­
b e r t ,  a n d  D e e r f o r d .
T h e  a m o u n t s  a n d  p r o f i l e  d i s t r i b u t i o n  o f  t h e  v a r i o u s  
c o m p o n e n t s  o f  t o t a l  Na ,  C a ,  a n d  K i n  a s o i l  a r e  l a r g e l y  
i n f l u e n c e d  by t h e  r e l a t i v e  a m o u n t s  o f  t h e  e x c h a n g e a b l e  a n d  
n o n - e x c h a n g e a b l e  f r a c t i o n s  o f  t h e  N a ,  C a , a n d  K p r e s e n t .  
T h e  a m o u n t s  a n d  p r o f i l e  d i s t r i b u t i o n  o f  n o n - e x c h a n g e a b l e  
N a ,  C a ,  a n d  K a r e  r e l a t e d  t o  t h e  a m o u n t s  o f  t h e s e  c a t i o n s
p r e s e n t  i n  t h e  n o n - c l a y  f r a c t i o n  o f  t h e  w h o l e  s o i l .  On t h e
o t h e r  h a n d ,  t h e  a m o u n t s  a n d  p r o f i l e  d i s t r i b u t i o n  o f
e x c h a n g e a b l e  N a ,  Ca , a n d  K a r e  l a r g e l y  i n f l u e n c e d  by t h e  
a m o u n t s  a n d  t y p e s  o f  p h y l l o s i l i c a t e  m i n e r a l s  p r e s e n t  i n  t h e  
s o i l .  T h e  n o n - e x c h a n g e a b l e  a n d  e x c h a n g e a b l e  c a t i o n
f r a c t i o n s ,  t o g e t h e r  d i c t a t e  t h e  d i s t r i b u t i o n  p a t t e r n  o f  t h e  
t o t a l  N a ,  C a , a n d  K i n  t h e  s o i l .
K a o l i n i t e  i s  a b u n d a n t  i n  t h e  h o r i z o n s  w i t h  s m a l l  a m o u n t s  
o f  e x c h a n g e a b l e  N a ,  C a ,  a n d  K.  O v e r a l l ,  k a o l i n i t e  c o n t e n t  
s h o w s  a n  i n v e r s e  r e l a t i o n s h i p  w i t h  t h e  r e l a t i v e  a m o u n t s  o f
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e x c h a n g e a b l e  b a s e s  p r e s e n t  i n  t h e  s a m e  s o i l .  H o w e v e r ,  t h e  
d i s t r i b u t i o n  p a t t e r n  o f  t h e  2 t o  1 layer l a t t i c e  c l a y s ,  
e s p e c i a l l y  s m e c t i t e ,  s h o w s  a n  i n c r e a s e  i n  a m o u n t  w i t h  d e p t h  
a n d  a p p r o x i m a t e l y  p a r a l l e l s  t h e  d i s t r i b u t i o n  o f  e x c h a n g e a b l e  
b a s e s .
T h e  a m o u n t  a n d  d i s t r i b u t i o n  o f  n o n - e x c h a n g e a b l e  Na ,  C a , 
a n d  K a l s o  c l o s e l y  p a r a l l e l s  t h e  a m o u n t s  o f  t h e i r  r e s p e c t i v e  
f e l d s p a r  m i n e r a l s .  T h u s ,  i n  e a c h  t o p o s e q u e n c e ,  s o i l s  t h a t  
c o n t a i n  l a r g e  a m o u n t s  o f  n o n - e x c h a n g e a b l e  N a ,  C a , a n d  K 
c o n t a i n  l a r g e  a m o u n t s  o f  t h e  r e s p e c t i v e  f e l d s p a r  m i n e r a l s .
S a t u r a t e d  S o i l  P a s t e  E x t r a c t s  a n d  E q u i l i b r a t e d  S o i l
S u s p e n s i o n  S t u d i e s
T h e s e  a r e  t w o  s e p a r a t e  m e t h o d s  o f  a n a l y s e s  on  t h e  s a m e  
s o i l  s a m p l e s  w i t h  a f e w  m a j o r  d i f f e r e n c e s  b e t w e e n  t h e m .  
F i r s t ,  s a t u r a t e d  s o i l  p a s t e  e x t r a c t s  ( S S P E )  w e r e  p r e p a r e d  
a c c o r d i n g  t o  t h e  p r o c e d u r e s  o u t l i n e d  by J a c k s o n  ( 1 9 5 8 ) .  T h e  
p r o c e d u r e  d o e s  n o t  r e q u i r e  t h a t  w e i g h t  o f  s a m p l e s  a n d  
v o l u m e s  o f  w a t e r  u s e d  t o  s a t u r a t e  t h e  s a m p l e s  be  
i n c o r p o r a t e d  i n t o  t h e  f i n a l  a n a l y s i s .  I n  t h i s  e x e r c i s e ,  
b o t h  v o l u m e s  o f  w a t e r  a n d  w e i g h t  o f  s a m p l e s  w e r e  t a k e  i n t o  
c o n s i d e r a t i o n  i n  c a l c u l a t i n g  t h e  r e l a t i v e  a m o u n t s  o f  c a t i o n s  
m e a s u r e d  i n  t h e  S SP E a n d  e q u i l i b r a t e d  s o i l  s u s p e n s i o n s  
( E S S ) .  S e c o n d ,  t h e  p r o c e d u r e s  r e q u i r e  s o me  s u b j e c t i v e  
v i s u a l  j u d g e m e n t  o n  t h e  s t a t e  o f  s a t u r a t i o n  ( g l i s t e n  w i t h  
no  s t a n d i n g  w a t e r  o n  s o i l  s u r f a c e ) .  C o n s e q u e n t l y ,  t h e  s o i l
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t o  w a t e r  r a t i o s  v a r y  f r o m  o n e  s a m p l e  t o  a n o t h e r  d e p e n d i n g  on  
t h e  w e i g h t  o f  s a m p l e s ,  a m o u n t  o f  o r g a n i c  m a t t e r ,  a n d  t h e  
a m o u n t  o f  c l a y  a n d  t y p e s  o f  c l a y  m i n e r a l s  p r e s e n t  i n  t h e  
s a m p l e s .  I n  t h i s  e x e r c i s e  a c o n s t a n t  s a m p l e  w e i g h t  o f  50  g 
w a s  u s e d  a n d  t h e  w a t e r  t o  s o i l  r a t i o s  r a n g e d  f r o m  0 . 3  t o  
3 . 3 .  O t h e r  q u a n t i t a t i v e  m e a s u r e s  i n  t h e  SSPE a r e  t h e  
e l e c t r i c a l  c o n d u c t i v i t y  a n d  e l e m e n t  c o n c e n t r a t i o n  m e a s u r e d  
by  I CP  t o  d e t e r m i n e  t h e  t o t a l  s a l t  c o n t e n t  a n d  c a t i o n  
c o n c e n t r a t i o n  o f  t h e  S S P E .
On t h e  o t h e r  h a n d  a c o n s t a n t  1 t o  5 s o i l  t o  w a t e r  r a t i o  
w a s  u s e d  i n  t h e  p r e p a r a t i o n  o f  t h e  E S S .  I n  a d d i t i o n ,  t h e  
s a m p l e s  w e r e  s e t  a s i d e  t o  e q u i l i b r a t e  f o r  a  p e r i o d  o f  12 
m o n t h s  b e f o r e  t h e  c a t i o n  c o n c e n t r a t i o n s  i n  t h e  s u p e r n a t a n t  
w e r e  m e a s u r e d  u s i n g  a n  I C P  u n i t .  T h e s e  s t u d i e s  w e r e  t r e a t e d  
a s  t w o  s e p a r a t e  m e t h o d s  o f  a n a l y s e s  t o  e v a l u a t e  t h e  Na t o  Ca 
r a t i o  a n d  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  a m o u n t s  o f  Na 
m e a s u r e d  i n  t h e  S S P E a n d  t h o s e  i n  t h e  E S S .  T h e y  w e r e  a l s o  
a i m e d  a t  i n v e s t i g a t i n g  t h e  p o s s i b l e  d e v i a t i o n  i n  t h e  Na t o  
Ca r a t i o  a s  a n  i n d i c a t o r  o f  a  s h i f t  i n  t h e  d e s o r p t i o n  
b e h a v i o r  o f  Na i o n s  w i t h  d i f f e r e n t  s o i l  t o  w a t e r  r a t i o s .
E x c h a n g e a b l e  S o d i u m  a n d  C a l c i u m  i n  S o i l s
I n  e a c h  o f  t h e  s o i l s  t h e  r e l a t i v e  a m o u n t s  o f  
e x c h a n g e a b l e  Na a n d  Ca  m e a s u r e d  a r e  s e v e r a l  f o l d  l a r g e r  t h a n  
t h o s e  m e a s u r e d  i n  e i t h e r  t h e  ESS o r  t h e  S S P E .  H o w e v e r ,  t h e  
e x c h a n g e a b l e  Na t o  Ca r a t i o s  i n  e a c h  s o i l  a r e  s e v e r a l  f o l d  
s m a l l e r  t h a n  e i t h e r  t h e  SSPE o r  t h e  E S S .  I n  f a c t
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e x c h a n g e a b l e  Na t o  Ca r a t i o s  r a n g e d  f r o m  0 . 1  t o  1 4 . 1  a m o n g  
t h e  s i x  s o i l s .  F o r  a l l  p r a c t i c a l  p u r p o s e s ,  t h e  e x c h a n g e a b l e  
Na t o  Ca r a t i o  p r o f i l e  d i s t r i b u t i o n  t r e n d  s h o w s  a  s t r a i g h t  
l i n e  v e r y  c l o s e  t o  z e r o  w h e n  t h e y  a r e  p l o t t e d  t o g e t h e r  w i t h
Na t o  Ca r a t i o s  i n  t h e  SSPE a n d  ESS on  t h e  s a m e  s c a l e .
S o d i u m  t o  C a l c i u m  P r o f i l e  D i s t r i b u t i o n
To f a c i l i t a t e  c o m p a r i s o n s  a m o n g  s o i l s  a n d  b e t w e e n  t o p o -  
s e q u e n c e s ,  t h e  a m o u n t s  o f  Na a n d  Ca  m e a s u r e d  i n  t h e  SSPE a n d  
ESS w e r e  e x p r e s s e d  i n  c m o l ( p + ) / k g  .  I n  a d d i t i o n ,  t h e  Na t o  
Ca r a t i o  p r o f i l e  d i s t r i b u t i o n  p a t t e r n s  o f  t h e  S SP E a n d  ESS 
i n  e a c h  s o i l  w e r e  p l o t t e d  a g a i n s t  s a m p l e  d e p t h  (Figure 1 0  t o  
1 5 )  . T h e  l e f t  h a l f  a n d  r i g h t  h a l f  o f  e a c h  f i g u r e  
r e s p e c t i v e l y  s h o w s  t h e  p r o f i l e  d i s t r i b u t i o n  p a t t e r n  o f  Na t o  
Ca i n  t h e  S S P E a n d  E S S .  T h e s e  d i s t r i b u t i o n  p a t t e r n s  w e r e  
d i v i d e d  into two groups: those that exhibit relatively n a r r o w  
Na t o  Ca  r a t i o s  i n  t h e  SSPE a n d  t h o s e  t h a t  e x h i b i t  wide Na
to Ca ratios in the ESS and vice verse.
T h e  B o n n ,  G r o o m ,  a n d  M o l l i c y  s o i l s  e x h i b i t  a  n a r r o w  Na 
t o  Ca  r a t i o  p r o f i l e  d i s t r i b u t i o n  p a t t e r n  i n  t h e  SSPE a n d  
w i d e  Na t o  Ca  r a t i o  i n  t h e  ESS ( F i g u r e s  1 0  through 1 2 ) .  1 °
e a c h  s o i l  t h e  d i f f e r e n c e s  in Na to Ca ratios resulted from 
t h e  d i f f e r e n c e s  i n  t h e  a m o u n t s  o f  Na r e l a t i v e  t o  Ca m e a s u r e d  
i n  t h e  E S S .  A w i d e  Na t o  Ca r a t i o  o b s e r v e d  i n  t h e  ESS d o e s  
n o t  n e c e s s i t a t e  t h a t  a l a r g e r  a m o u n t  o f  e a c h  c o m p o n e n t  be  
















Figure 10. Ratio of Na to Ca 
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Figure 11. Ratio of Na to Ca concentration measured in 
the saturated soil paste extracts and the 
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Figure 12. Ratio of Na to Ca concentration measured in 
the saturated soil paste extracts and the 
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Figure 13. Ratio of Na to Ca concentration measured in 
the saturated soil paste extracts and the 
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Figure 14. Ratio of Na to Ca concentration measured in 
the saturated soil paste extracts and the 





















Figure 15. Ratio of Na to Ca concentration measured in 
the saturated soil paste extracts and the 
equilibrated soil solutions in the Gigger 
soil.
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r a t i o  i n  t h e  ESS may  a r i s e  f r o m  t h e  f a c t  t h a t :  1 )  t h e  a m o u n t  
o f  Ca  i n  t h e  ESS i s  a p p r o x i m a t e l y  e q u a l  t o  t h a t  i n  SSPE 
w h i l e  a l a r g e r  a m o u n t  o f  Na w a s  m e a s u r e d  i n  t h e  E S S ,  2 )  o r  
t h a t  s m a l l e r  a m o u n t s  o f  b o t h  Na a n d  Ca w e r e  m e a s u r e d  i n  t h e  
ESS b u t  t h e  r e l a t i v e  a m o u n t s  o f  Ca  i s  mu c h  s m a l l e r  t h a n  Na .  
T h e  r e l a t i v e l y  n a r r o w  Na t o  Ca r a t i o s  o b s e r v e d  i n  t h e  ESS 
c o m p a r e d  t o  t h o s e  i n  t h e  S S P E c a n  b e  a t t r i b u t e d  t o  t h e  a b o v e  
d i f f e r e n c e s  b u t  i n  t h e  o p p o s i t e  m a n n e r .
T h e  p r o f i l e  d i s t r i b u t i o n  t r e n d  o f  t h e  Na t o  Ca r a t i o  i n  
t h e  B o n n  s o i l  i s  g i v e n  i n  F i g u r e  1 0  . T h e  Bo n n  s o i l  c o n ­
t a i n e d  t h e  l a r g e s t  a m o u n t s  o f  Na i n  a n y  o f  t h e  s o i l s  i n  b o t h  
t h e  SSPE a n d  E S S .  T h e  t o t a l  Na a n d  Ca m e a s u r e d  i n  t h e  SSPE 
a n d  ESS f o r  t h e  e n t i r e  B o n n  s o i l  p r o f i l e  w e r e  58  a n d  54  
c m o l ( p  ) Na ;  a n d  4 t o  1 c m o l ( p  ) o f  C a , r e s p e c t i v e l y .  
A l t h o u g h ,  t h e  t o t a l  f o r  b o t h  Na a n d  Ca w a s  l e s s  i n  t h e  ESS 
t h a n  i n  t h e  S S P E ,  t h e  a m o u n t  o f  Ca w a s  e v e n  s m a l l e r  i n  ESS 
w h i c h  r e s u l t e d  i n  a w i d e r  Na t o  Ca  r a t i o  i n  t h e  E S S .  T h e  
r a t i o n a l  i s  t h a t  t h e  q u a n t i t i e s  o f  Na a r e  b e i n g  d i v i d e d  by a 
m u c h  s m a l l e r  n u m b e r  a n d  r e s u l t e d  i n  w i d e r  Na t o  Ca r a t i o s  
t h a t  a r e  r e f l e c t e d  by  t h e  b u l g e  i n  t h e  m i d d l e  p o r t i o n  o f  t h e  
g r a p h  i n  t h e  r i g h t  h a l f  o f  F i g u r e  1 0 .
T h e  p r o f i l e  d i s t r i b u t i o n  t r e n d s  o f  Na t o  Ca r a t i o  i n
t h e  G r o o m a n d  M o l l i c y  s o i l s  a r e  g i v e n  i n  F i g u r e s  11  a n d  1 2 t
r e s p e c t i v e l y .  T h e  s um o f  Na a n d  Ca  m e a s u r e d  i n  SSPE a n d  ESS
in the Groom soil are 5 and 0 . 3  cmol(p+ ) respectively, and 6 
and 0 . 5  cmol(p+ ) respectively. The Mollicy soil has a
total of O.03 Na and 0.3 cmol(p ) measured
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i n  t h e  E S S .  T h e  p r o f i l e  d i s t r i b u t i o n  p a t t e r n s  o f  t h e  Na t o  
Ca r a t i o  i n  b o t h  t h e  G r o o m a n d  M o l l i c y  s o i l s  a r e  v e r y
s i m i l a r  t o  t h a t  o f  B o n n .  T h e  M o l l i c y  s o i l  l a c k e d  m e a s u r a b l e  
q u a n t i t i e s  o f  Ca i n  m o s t  h o r i z o n s  w h i c h  i n f l a t e d  t h e  Na t o  
Ca r a t i o  i n  t h i s  r e g i o n  t o  i n f i n i t y  ( F i g u r e  1 2 ) .
I n  c o n t r a s t ,  t h e  D e e r f o r d ,  G i l b e r t  a n d  G i g g e r  s o i l s  
h a v e  w i d e  Na t o  Ca r a t i o  i n  t h e  S S P E c o m p a r e d  t o  t h o s e  i n  
t h e  ESS ( F i g u r e s  13 t h r o u g h  15 ) .  T h e  t o t a l  Na a n d  Ca m e a s u r e d  
i n  SSPE a n d  ESS f r o m  t h e  D e e r f o r d  s o i l  w e r e  7 a n d  14
c m o l ( p + ) a n d  0 . 2  a n d  3 c m o l ( p + ) ,  r e s p e c t i v e l y .  L a r g e r  
a m o u n t s  o f  b o t h  Na a n d  Ca w e r e  m e a s u r e d  i n  ESS t h a n  SSPE i n  
e a c h  o f  t h e  s o i l s  i n  t h e  D e e r f o r d - G i l b e r t - G i g g e r  
t o p o s e q u e n c e . T h e s e  d i f f e r e n c e s  i n  t h e  r e l a t i v e  a m o u n t s  o f  
Na a n d  Ca r e s u l t e d  i n  n a r r o w e r  Na to Ca  ratio i n  the ESS
c o m p a r e d  t o  t h o s e  f r o m  t h e  S S P E .  T h e  G i l b e r t  s o i l  h a s  a
t o t a l  o f  5 . 0  a n d  1 . 0  c m o l ( p + ) r e s p e c t i v e l y  o f  Na a n d  Ca 
m e a s u r e d  i n  t h e  S S P E  a n d  1 0 . 0  a n d  3 . 0  c m o l ( p  ) r e s p e c t i v e l y  
o f  Na a n d  Ca i n  t h e  ESS f o r  t h e  e n t i r e  s o i l  p r o f i l e .  T h e r e  
w a s  100% a n d  200% m o r e  Na a n d  C a , r e s p e c t i v e l y ,  i n  ESS 
c o m p a r e d  t o  t h e  S S P E f o r  t h e  e n t i r e  s o i l  p r o f i l e .  Th e  
p r o f i l e  d i s t r i b u t i o n  t r e n d  o f  Na t o  Ca r a t i o  i s  r a t h e r  
e r r a t i c  i n  t h e  G i l b e r t  s o i l  ( F i g u r e  14-)  . F i g u r e  15 s h o w s  t h e  
p r o f i l e  d i s t r i b u t i o n  t r e n d  o f  t h e  Na t o  Ca r a t i o  i n  t h e  SSPE 
a n d  ESS o f  t h e  G i g g e r  s o i l .  T h e  t o t a l  Na a n d  Ca  m e a s u r e d  
i n  t h e  SSPE a r e  0 . 9  a n d  0 . 1  c m o l ( p + ) ,  r e s p e c t i v e l y .  T h e  ESS 
h a s  t o t a l s  o f  2 . 0  a n d  7 . 0  c m o l ( p + ) o f  Na a n d  C a ,  
r e s p e c t i v e l y .  T h e  l a r g e  d i f f e r e n c e s  i n  t h e  Na a n d  Ca
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c o n t e n t s  i n  t h e  E S S ,  f l a t t e n e d  a m a j o r  p o r t i o n  o f  t h e  
p r o f i l e  d i s t r i b u t i o n  p a t t e r n  o f  t h e  G i g g e r  s o i l  e x c e p t  i n  
r e g i o n s  b e t w e e n  t h e  s e c o n d  a n d  f o u r t h  h o r i z o n s ,  a s  s h o w n  i n  
t h e  r i g h t  h a l f  o f  F i g u r e  1 5 . Overall, t h e  d i f f e r e n c e s  i n  
t h e  r e l a t i v e  a m o u n t s  o f  Na a n d  Ca i n  t h e  ESS t o  t h a t  o f  t h e  
SSPE are greater for Ca t h a n  Na b u t  t h e  a b s o l u t e  q u a n t i t i e s  
m e a s u r e d  a r e  g r e a t e r  f o r  N a .  T h e s e  d i f f e r e n c e s  l e d  t o  a 
c o n s i s t e n t l y  n a r r o w  Na t o  Ca  r a t i o  i n  e a c h  o f  t h e  D e e r f o r d ,  
G i l b e r t  a n d  G i g g e r  s o i l s .
E l e c t r i c a l  C o n d u c t i v i t y  a n d  S o d i u m  A d s o r p t i o n  Ratio of Sa- 
rated Soil Paste extracts and equilibrated soil suspensions.
E l e c t r i c a l  c o n d u c t i v i t y  ( E C )  a n d  s o d i u m  a d s o r p t i o n
r a t i o n  ( S AR )  o f  S S P E a r e  w i d e l y  u s e d  c r i t e r i a  t o  i d e n t i f y
s a l t  a f f e c t e d  s o i l  a n d  t o  e v a l u a t e  t h e  s e v e r i t y  o f  s a l i n i t y
p r o b l e m s  i n  s o i l s .  S a t u r a t e d  s o i l  p a s t e  e x t r a c t  EC v a l u e s
-1a r e  g r e a t e r  t h a n  4 dSm a n d  SAR > 13 a r e  t h e  n o r m a l l y
a c c e p t e d  c r i t i c a l  v a l u e s  f o r  d i s t i n g u i s h i n g  s a l t  a f f e c t e d
s o i l s  f r o m  ’ n o r m a l 1 s o i l s  ( S o i l  S a l i n i t y  H a n d b o o k  No .  6 0 ,
1 9 5 ^ ) .  G e n e r a l l y ,  t h e  S S P E ' s  EC r e a d i n g s  i n  t h e s e  s o i l s
p a r a l l e l  t h e  e x c h a n g e a b l e  Na d i s t r i b u t i o n  w i t h  d e p t h  w h e r e
a p p r e c i a b l e  q u a n t i t i e s  o f  e x c h a n g e a b l e  Na a r e  p r e s e n t .
E x c e p t  f o r  t h e  B o n n  s o i l ,  t h e  EC o f  b o t h  t h e  ESS a n d  SSPE i n
-1
a l l  t h e  s o i l s  a r e  l o w e r  t h a n  t h e  c r i t i c a l  v a l u e s  o f  4 dSm 
T h e  G i l b e r t  a n d  D e e r f o r d  s o i l s  S S P E ' s  EC a r e  mu c h  c l o s e r  t o
_ -i
4 dSm t h a n  o t h e r  s o i l s  a n d  t h e  EC v a l u e s  r a n g e  f r o m  0 . 1  t o
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2 dSm . I n  t h e  B o n n  s o i l  S S P E ,  t h e  EC r e a d i n g  e x c e e d e d  4
_ A
dSm i n  m o s t  o f  t h e  h o r i z o n s .  T h e  EC o f  t h e  Bo n n  s o i l ' s  
SSPE r a n g e d  f r o m  a p p r o x i m a t e l y  1 t o  8 dSm . T h e  r e s u l t s  
i n d i c a t e  t h a t  o n l y  t h e  Bo n n  s o i l  h a s  s u f f i c i e n t l y  h i g h  l e v e l  
o f  e x c h a n g e a b l e  Na a n d  t h e  r e q u i r e d  EC,  t o  q u a l i f y  a s  a  
s a l i n e - a l k a l i  s o i l .  T h e  D e e r f o r d  s o i l  q u a l i f i e s  a s  n o n -  
s a l i n e - a l k a l i  s o i l  b e c a u s e  i t s  SSPE EC v a l u e  i s  l e s s  t h a n  4 
d S m - ^ b u t  i t  h a s  a h i g h  l e v e l  o f  e x c h a n g e a b l e  Na ( >  1 5 % ) .
T h e  G i l b e r t  a n d  Gr o o m s o i l  a r e  n e i t h e r  n a t r a q u a l f s  n o r
_-i
s a l i n e  b e c a u s e  t h e  EC o f  t h e  SSPE a r e  < 4dSm x a n d  h i g h  
l e v e l s  o f  e x c h a n g e a b l e  Na o c c u r  a t  d e p t h s  t o o  g r e a t  t o  be  
c l a s s i f i e d  a s  a  n a t r i c  h o r i z o n .  A l l  o t h e r  s o i l s  a r e  n o n ­
s a l i n e  a n d  n o n - a l k a l i .
C o m p a r i s o n s  b e t w e e n  a n a l o g o u s  s o i l s  p a i r s  ( B o n n  a n d  
D e e r f o r d ,  G r o o m a n d  G i l b e r t ,  M o l l i c y  a n d  G i g g e r )  w i t h  
r e s p e c t  t o  t h e i r  e x c h a n g e a b l e  Na c o n t e n t s  d o  n o t  e x h i b i t  t h e  
s a m e  Na t o  Ca  r a t i o  p r o f i l e  d i s t r i b u t i o n  t r e n d s  i n  e a c h  o f  
t h e  s o i l  p a i r s  e i t h e r  i n  t h e i r  S S P E o r  E S S .  H o w e v e r ,  t h e  
r e l a t i v e  a m o u n t s  o f  Na i n  t h e  ESS a r e  h i g h l y  c o r r e l a t e d  w i t h  
t h e  l e v e l s  o f  Na m e a s u r e d  i n  t h e  S S P E  i n  t h e  s a m e  s o i l .  T h e  
r e l a t i o n s h i p  b e t w e e n  t h e s e  t w o  l e v e l s  o f  Na a r e  h i g h l y  
s i g n i f i c a n t  i n  s o i l s  t h a t  h a v e  h i g h  a n d  m e d i u m  l e v e l s  o f  
e x c h a n g e a b l e  Na .
C o r r e l a t i o n  A n a l y s e s
T a b l e  11  s h o w s  t h e  c a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t s  
( r )  o b t a i n e d  f r o m  t h e  a n a l y s e s  o f  t h e  r e l a t i o n s h i p s  b e t w e e n
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Table 11. Results of simple correlation analyses between 
Na concentration in equilibrated soil solutions 
and saturated soil paste extiacts from six 
soils.
Soil Number of Total exchangeable Correlation
observations Na (cmol(p )/pedon coefficient(r)
Bonn 8 6 6 . 9 **0.97
Groom 8 17.? 0.97
Mollicy 8 1 . 6 0.55NS
Deerford 13 7 8 . 8 0.94
Gilbert 1 0 27.7 0.94
Gigger 1 1 1 0 . 9 0.28NS




Na c o n c e n t r a t i o n  i n  t h e  SSPE a n d  ESS o f  t h e  s i x  s o i l s  
s t u d i e d .  S o i l s  f r o m  b o t h  t o p o s e q u e n c e s  w i t h  h i g h  a n d  m e d i u m  
l e v e l s  o f  e x c h a n g e a b l e  Na ( B o n n  a n d  G r o o m ,  D e e r f o r d  a n d  
G i l b e r t )  c o n s i s t e n t l y  s h o w  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  Na c o n t e n t s  i n  t h e  ESS a n d  S S P E .  T h e  c a l c u l a t e d  
c o r r e l a t i o n  c o e f f i c i e n t s  f o r  Na i n  B o n n  a n d  G r o o m ,  a n d  t h e  
D e e r f o r d  a n d  G i l b e r t  s o i l s  a r e  r = 0 . 9 7  a n d  r = 0 . 9 4 ,  
r e s p e c t i v e l y .  F i g u r e s  16 through 17 show the scatter plot 
of the four soils w i t h  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  t h e  
l e v e l s  o f  Na m e a s u r e d  i n  t h e  ESS a n d  S S P E .  T h e  s o l i d  l i n e  
i n  e a c h  g r a p h  i s  t h e  b e s t  f i t t e d  l i n e  r e p r e s e n t i n g  t h e  Na 
p o i n t s  d i s t r i b u t e d  i n  e a c h  s o i l .  T h e  r e s u l t s  s h o w  t h e  
l e v e l s  o f  Na m e a s u r e d  i n  t h e  ESS i n c r e a s e d  w i t h  t h e  l e v e l s  
o f  Na i n  t h e  SSPE s u g g e s t i n g  t h a t  k n o w i n g  t h e  Na l e v e l s  
i n  t h e  S S P E a l l o w s  o n e  t o  p r e d i c t  t h e  l e v e l s  o f  Na i n  t h e  
ESS o f  t h e  s a m e  s o i l .
T h e  e x p l a n a t i o n  a n d  i n t e r p r e t a t i o n  t h a t  f o l i o w  a r e  
b a s e d  on  t h e  g r a p h s  i n  F i g u r e s  10 through 17 > t h e  r e l a t i v e  
a m o u n t s  o f  e x c h a n g e a b l e  C a ,  Mg a n d  N a ,  EC r e a d i n g s  o f  t h e  
SSPE a n d  E S S .  T h e s e ,  a s  w e l l  a s  o t h e r  c h e m i c a l  p r o p e r t i e s ,  
i n f l u e n c e  t h e  c h e m i c a l  b e h a v i o r  o f  c a t i o n  s p e c i e s  i n  t h e  
d i f f e r e n t  s o i l  t o  w a t e r  s o l u t i o n  r a t i o s .
E l e c t r i c a l  c o n d u c t i v i t y  a n d  SAR o f  t h e  S S P E i n  a d d i t i o n  
t o  e x c h a n g e a b l e  Na p e r c e n t  a r e  w i d e l y  a c c e p t e d  c r i t e r i a  t o  
i d e n t i f y  s a l t  a f f e c t e d  s o i l s  a n d  t o  e v a l u a t e  t h e  s e v e r i t y  o f  
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Figure 16. Relationship between Na concentration 
in the equilibrated solutions and the 
saturated soil paste extracts from the 
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Figure 17. Relationship between Na concentration 
in the equilibrated solutions and the 
saturated soil paste extracts from the 
Deerfrod(a) and Gilbert(b) soils.
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c r i t e r i a  f o r  i d e n t i f y i n g  s a l t  a f f e c t e d  s o i l ,  S e l y a k o v  ( 1 9 6 7 )  
f o u n d  t h a t  t h e  e x t e n t  o f  t h e  p r o b l e m  c a n n o t  a d e q u a t e l y  be  
d e t e r m i n e d  f r o m  t h e  S S P E EC r e a d i n g s  b e c a u s e  w a t e r  e x t r a c t s  
may n o t  d i s s o l v e  t h e  e n t i r e  b u l k  o f  t h e  s a l t  p r e s e n t .  T h i s  
i s  b e c a u s e  t h e r e  i s  a ' f i x e d '  s o i l  t o  w a t e r  r a t i o  t h a t  
r e s u l t s  i n  d e v e l o p m e n t  o f  s p e c i f i c  s a l t  e q u i l i b r i u m  
r e s t r i c t e d  t o  t h e  v o l u m e  o f  s o l u t i o n  a n d  a c t i o n  o f  w a t e r  on  
s a l t .  A g o o d  a l t e r n a t i v e  m e t h o d  f o r  d e t e r m i n i n g  t h e  t o t a l  
s o l u b l e  s a l t s  i s  t o  p e r f o r m  s u c c e s s i v e  d e c a n t a t i o n  o r  
c e n t r i f u g a t i o n  w i t h  w a t e r .
S t u d i e s  h a v e  s h o w n  t h a t  s o i l s  c o n t a i n i n g  r e l a t i v e l y  
h i g h  l e v e l s  o f  e x c h a n g e a b l e  Ca a n d  Mg t e n d  t o  h a v e  l a r g e  
a m o u n t s  o f  Na i n  t h e i r  w a t e r  e x t r a c t s  w h e n  w i d e  s o i l  t o  
w a t e r  r a t i o s  a r e  u s e d  ( S e l y a k o v ,  1 9 6 7 ) .  T h e s e  e f f e c t s  a r e  
e v i d e n c e d  f r o m  t h e  h i g h  Na a n d  l o w  Ca l e v e l s  i n  t h e  ESS t h a n
t h e  SSPE f r o m  t h e  D e e r f o r d ,  G i l b e r t  a n d  G i g g e r  w h i c h  h a v e
h i g h  l e v e l s  o f  e x c h a n g e a b l e  Ca  a n d  Mg.  T h e  l e s s e r  r e l e a s e
o f  Na i n t o  t h e  ESS c o m p a r e d  t o  SSPE c a n  a l s o  b e  a t t r i b u t e d
i n  p a r t  t o  a  d i l u t i o n  e f f e c t .  T h a t  i s  a s  t h e  s o i l  s o l u t i o n  
i s  d i l u t e d  d u e  t o  a  d e c r e a s e  i n  s o i l  t o  w a t e r  r a t i o  i n  t h e  
ESS c o m p a r e d  t o  t h e  S S P E ,  t h e  h i g h  v a l a n c e  c a t i o n  Ca  a n d  Mg 
a r e  p r e f e r e n t i a l l y  r e t a i n e d .  T h u s ,  m o r e  m o n o v a l e n t  Na i s  
r e l e a s e d  i n t o  t h e  E S S .  T h e  r e l e a s e  o f  Na i s  f u r t h e r
e n h a n c e d  by  t h e  f a c t  t h a t  Na h a s  a  l o w  v a l a n c e  a n d  c h a r g e
d e n s i t y  a n d  a l a r g e  h y d r a t e d  r a d i u s  i s  m o r e  e a s i l y  d i s p l a c e d  
f r o m  e x c h a n g e  s i t e s  c o m p a r e d  t o  Ca w h i c h  h a s  a s m a l l  r a d i u s ,
a h i g h  v a l a n c e  a n d  h i g h  c h a r g e  d e n s i t y .  T h u s ,  t h e  Na t o  Ca
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r a t i o  p r o f i l e  d i s t r i b u t i o n  t r e n d s  s e e n  i n  F i g u r e s  1 0  "through 
15 are the graphical representation of the differences in 
t h e  r e l a t i v e  a m o u n t s  o f  Na a n d  Ca r e s u l t e d  f r o m  t h e  
d i f f e r e n c e s  i n  s o i l  t o  w a t e r  r a t i o  a n d  t h e  a s s o c i a t e d  
c h e m i c a l  e f f e c t s .
S e q u e n t i a l  L e a c h i n g  E x p e r i m e n t
E x p e r i m e n t s  w e r e  c o n d u c t e d  t o  e v a l u a t e  t h e  e f f e c t i v e ­
n e s s  o f  d i f f e r e n t  s t r e n g t h s  o f  C a S 0 ^  • 2 H s o l u t i o n  t o
r e p l a c e  Na f r o m  e x c h a n g e  s i t e s  by  a s e q u e n t i a l  l e a c h i n g  
p r o c e d u r e .  F o u r  s o i l s  w i t h  a n d  t w o  s o i l s  w i t h o u t  h i g h  
l e v e l s  o f  e x c h a n g e a b l e  Na w e r e  e a c h  l e a c h e d  w i t h  s o l u t i o n s  
c o n t a i n i n g  C a S 0^  • 2 I I g 0  a t  c o n c e n t r a t i o n s  o f  0 . 0 0 N ,  0 . 0 0 7 N ,
0 . 0 1 4 N ,  a n d  0 . 0 2 8 N .  T h e  e x p e r i m e n t a l  d e s i g n  w a s  s u c h  t h a t  a 
v o l u m e  o f  C a S O ^ • 2H2 O s o l u t i o n  e q u a l  i n  w e i g h t  t o  t w o  t i m e s  
t h e  w e i g h t  o f  t h e  t o t a l  s o i l  p r o f i l e  t o  be  l e a c h e d  wa s  
i n t r o d u c e d  i n  t h e  s u r f a c e  h o r i z o n s  a n d  a l i q u o t s  o f  t h e  
s o l u t i o n  p a s s i n g  t h r o u g h  t h a t  h o r i z o n  w e r e  s a m p l e d  f o r  
a n a l y s i s  b e f o r e  t h e  r e m a i n i n g  s o l u t i o n  w a s  t h e n  i n t r o d u c e d  
i n t o  t h e  n e x t  u n d e r l y i n g  h o r i z o n .  T h e  s e q u e n t i a l  l e a c h i n g  
p r o c e s s  w a s  r e p e a t e d  f o r  e a c h  s u b s e q u e n t  h o r i z o n  t o  a d e p t h  
o f  1 . 5  m .
A c t i v i t i e s  w e r e  c a l c u l a t e d  f r o m  t h e  m e a s u r e d  
q u a n t i t i e s  o f  r e p l a c e d  Na a n d  t h e  i o n  i n t e r a c t i o n s  o f  t h e  
l e a c h i n g  s o l u t i o n s  e v a l u a t e d .  E l e c t r i c a l  c o n d u c t i v i t y  a n d  
i o n  a c t i v i t i e s  o f  t h e  l e a c h a t e s  w e r e  c o r r e l a t e d  a n d  a r e
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p r e s e n t e d  g r a p h i c a l l y  t o  i l l u s t r a t e  i n t e r a c t i o n s  a m o n g  t h e  
v a r i a b l e s  c o n s i d e r e d .  B o t h  a c t i v i t i e s  a n d  q u a n t i t i e s  o f  
Na (cmol(p+ ) / kg soil) were statistically analyzed to 
d e t e r m i n e  t h e  e f f e c t s  c a u s e d  by  s o i l  d i f f e r e n c e s , w i t h i n  
p r o f i l e  v a r i a t i o n s ,  l e a c h i n g  s o l u t i o n  s t r e n g t h  a n d  
t o p o s e q u e n c e  d i f f e r e n c e s  a s  r e l a t e d  t o  t o p o g r a p h y  a n d  
m i n e r a l o g y .  I n  a d d i t i o n ,  c u m u l a t i v e  q u a n t i t i e s  o f  Na r e m o v e d  
w e r e  p l o t t e d  a g a i n s t  s o i l  d e p t h  a f t e r  t h e  i n i t i a l  f o u r  p o r e  
v o l u m e s  ( I F P V ) ,  i n t e r m e d i a t e  p o r e  v o l u m e s  ( I P V ) a n d  t h e  l a s t  
f o u r  p o r e  v o l u m e s  ( L F P V )  o f  l i q u i d  h a d  p a s s e d  t h r o u g h  e a c h  
s o i l  p r o f i l e .  Graphs 39 through 44 i n  A p p e n d i x  4 s h o w  t h e  
c u m u l a t i v e  a m o u n t s  o f  Na r e m o v e d  a s  a  f u n c t i o n  o f  t h e  v o l u m e  
o f  l i q u i d  t h a t  h a s  p a s s e d  t h r o u g h  t h e  s o i l  a n d  t h e  
c o n c e n t r a t i o n  o f  Ca  p r e s e n t  i n  t h e  l e a c h i n g  s o l u t i o n s .
Theory
I t  i s  n o t  t h e  i n t e n t  o f  t h e  d i s c u s s i o n  i n  t h i s  s e c t i o n  
t o  q u a n t i f y  a l l  a s p e c t s  o f  t h e  t h e o r y  o f  c a t i o n  e x c h a n g e  
r e a c t i o n  i n  a  s o i l  s y s t e m .  F o r  t h e  p u r p o s e  o f  discussion 
t h e  s i m p l e  l a w  o f  m a s s  a c t i o n  i s  b e i n g  c o n s i d e r e d  a l t h o u g h  
m o r e  e x p l i c i t  e q u a t i o n s  corrected f o r  i o n  p a i r i n g ,  i o n i c  
s t r e n g t h ,  i o n  s i t e  s p e c i f i c i t y ,  a n d  c a t i o n  s e l e c t i v i t y  h a v e  
b e e n  d e v e l o p e d  a n d  u s e d  ( O s t e r  a n d  S p o s i t o ,  1 9 8 0 ;  S p o s i t o ,  
1 9 7 7 ;  S p o s i t o  a n d  M a t t i g o d ,  1 9 7 7 ) .
Cation exchange reaction is rapid and approximately 
stoichiometric, since the amounts of exchanged ion are che­
mically equivalent. Thus, the sum of exchangeable cations 
vary only slightly with cation species (Bohn et al., 1979)*
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Na2X + Ca2 +  > CaX + 2Na (15)
where X is an exchanger surface. In order to preserve the 
reaction stoichiometry, two Na ions are required to replace a 
single Ca ion. The exchange reaction itself is instantaneous 
but the extent of the reaction(rate-limiting step), often is 
determined by ion diffusion to or from the colloid surfaces. 
Under field conditions, where ions move through tortous paths 
and relatively thick water films on the colloid surface to 
reach exchange sites, the rate of diffusion may determine the 
extent of ion exchange rather than other factors.
In the simplest form, cation exchange reactions follows 
the law of mass action and, being nearly reversible in nature, 
the reaction can be driven in either direction to a certain 
extent through proper manipulation of solution conditions, the 
activities of reactants and nature of the products. The ex­
ceptions to this generalization is the preferential retention 
of polyvalent cations by organic matter(pH dependent charges), 
sterical hinderence to large organic cations into interlayer 
sites and preferential adsorption of multivalent cations be­
cause of their ability to simultaneously balance closely ad­
jacent exchange sites(Bohn, et al., 1979)- Lower valance ca- 
ions are usually attracted to point charges created by iso­
morphic substitions and to the broken edges of clay minerals. 
Generally, when cations of unequal valancies are involved in
exchange reactions, the dilution of equilibrated solution fa­
vors the retention of the more highly charged cations: for
example ?
CaX + 2Na+  > Ca + (Na)2X (16)
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a n d  t h e  a p p r o x i m a t e  r e a c t i o n  c o e f f i c i e n t  K i s
[ ( N a ) p X ] [ C a 2 + ]
K -  ---------- £---------   ( 1 7 )
[ C a X ] [ Na ] 2
By r e a r r a n g i n g ,  a  t y p i c a l  e x c h a n g e  e x p r e s s i o n  i s  r e a l i z e d :
( 1 8 )
[ ( N a ) 2 X] K [ Na+ ] 2
[ C a X ]  [ C a 2 + ]
T h a t  i s  t h e  f i n a l  e q u i l i b r i u m  i s  a f u n c t i o n  o f  t h e  r a t i o  o f  
2 + +
Ca t o  Na i o n s  p r e s e n t  i n  t h e  s o i l .  T h e  p r e s e n c e  o f  t h e  
s q u a r e d  t e r m  o n  t h e  r i g h t  s i d e  o f  t h i s  e q u a t i o n  c h a n g e s  t h e  
e f f e c t  o f  t h e  r a t i o  o f  Na t o  Ca i n  t h e  c o l l o i d ' s  d o u b l e  
l a y e r  w i t h  t h e  t o t a l  a n d  r e l a t i v e  s a l t  c o n c e n t r a t i o n  o f  t h e  
b u l k  s o l u t i o n .  E q u a t i o n  ( 1 7 ) u s e s  i o n  c o n c e n t r a t i o n s  i n s t e a d  
o f  a c t i v i t i e s  a n d  h o l d s  f a i r l y  w e l l  o v e r  n a r r o w  r a n g e s  o f  
c o n c e n t r a t i o n s  ( G a r r e l  a n d  C h r i s t ,  1 9 6 5 ) .  T h e  a c t i v i t y  
c o e f f i c i e n t s  o f  d i v a l e n t  c a t i o n s  a r e  m o r e  d e p e n d e n t  on  
c o n c e n t r a t i o n  t h a n  m o n o v a l e n t  c a t i o n s .  H o w e v e r ,  t h e  s q u a r e d  
t e r m  i n  m o n o v a l e n t  c a t i o n  a c t i v i t i e s  o f f s e t s  mu c h  o f  t h i s  
d i f f e r e n c e .
T h e  d e p e n d e n c y  o f  c a t i o n  e x c h a n g e  on  c a t i o n  v a l a n c e s  i s  
k n o w n  a s  t h e  v a l a n c e  d i l u t i o n  e f f e c t .  S u b s t i t u t i n g  s o me  
s m a l l  n u m b e r s  i n t o  e q u a t i o n  ( 1 7 ) c l e a r l y  i l l u s t r a t e s  t h e  
d e c r e a s e  i n  t h e  r a t i o  o f  Na t o  Ca on  t h e  s o i l  c o l l o i d s  a s  a 
c o n s e q u e n c e  o f  d i l u t i o n .  H e n c e ,  w h e n  t h e  c o n c e n t r a t i o n  o f  a 
l o w e r  v a l a n c e  r e p l a c i n g  c a t i o n  i s  d e c r e a s e d ,  t h e  a m o u n t  o f  
h i g h  v a l a n c e  c a t i o n  b e i n g  r e p l a c e d  d e c r e a s e s .
I n  l e a c h i n g  s y s t e m s  w h e r e  a t h i r d  c a t i o n  i s  p r e s e n t ,  
i t s  p r e s e n c e  m a k e s  t h e  e x c h a n g e  o f  o n e  c a t i o n  f o r  a n o t h e r
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easier, especially when the retention strength of the com­
plementary cation increases. For example, in a system with 
exchangeable Na, Al, and Ca, it is easier for Ca added to 
the system to replace Na than Al. The added Ca can replace 
less Al than Na. Therefore, more Ca remains in solution to 
further replace Na. In fact, a fraction of the exchangeable 
sites satified by Al are inaccessible to Ca. Thus, the Ca 
and Na compete for a smaller number of exchange sites.
In addition to concentration and valance, the strength 
at which cations are held to the colloid is directly propor­
tional to the radius of the hydrated cation. Therefore, 
cations with large hydrated radii are held less tightly com­
pared to those with small radii. The most important factor 
determining the extent of adsorption or desorption of a given 
ion is its valance except the H ion. The strength at which 
the ions are retained is positively correlated to their 
valance state. Generally, the higher the valance state the 
more teneously the ion is held.
Sodium in Sequential Leaching Experiment
In a simple system consisting of a monovalent cation Na 
and a trivalent cation Al, addition of Ca will cause a great­
er displacement of Na than Al. However, in an experiment 
where soil horizons are sequentially leached, the leachate 
compositions change from one horizon to another. Assuming 
the theory of cation displacement holds, leachates will
14-1
become progressively higher in concentration of easily repla­
ceable cations such as Na. At the same time the quantity of 
replacing cation originally introduced decreases as leaching 
is continued. Since there is a fixed quantity of Ca present 
in the original leaching solution, a point may be reached 
where the concentration of the replacing cation is very low. 
The accumulated displaced monovalent cation, Na may become 
high enough that it can neutralize the replacing power of 
the Ca. At this point the monovalent cation Na may begin to 
be readsorbed when introduced into subsequent lower horizons 
causing a reverse in reaction(l5). At that point the accumu­
lated Na concentration can either passed through
unadsorbed in the leaching solution or readsorbed in subse­
quent soil horizons.
Treatments and Sodium Ion Activities
Selected cation activity values calculated from leachate 
ionic concentrations were estimated in the IFPY, IPV and 
LFPV across all treatments applied to each horizon in each 
soil profile. A portion of the Na activity values calculated 
from the estimated concentration of the leachates from each 
horizon after the IFPY of solution added are given in Tables 
12 through 17.
Comparisons between the distilled water treatment and 
different strength CaSO^* PHgO solutions show that even when 
no Ca was added to the leaching solutions, measurable amounts 
of Na were present in the leachates. The experimental
Table 12. Electrical conductivity and Na activity in leachates from the initial four





Horizon T1 T2 T3 T4 T1 T2 T3 T4
cm .Na inn a n t i v i t v  Y 10 4 ....dS.m 
0 . 6 7
-1
Ap O- 2 3 2 . 9 7 8 . 5 5 8.  87 8 . 6 0 0 . 1 0 1 . 1 5 2 . 0 5
E 2 3 - 3 8 8 . 0 4 4 7 . 1 7 5 5 . ^ 8 6 0 . 5 3 0 . 1 0 0 . 6 8 1 . 1 8 2 . 1 0
Btl 3 8 - 5 3 1 6 . 36 6 7 . 7 9 1 0 8 . 1 9 1 5 9 . 8 5 0 . 22 0.  85 1 . 4 2 2 . 5 0
Bt2 5 3 - 7 6 5 4 . 7 7 1 1 1 . 54 1 6 2 . 1 9 2 6 0 . 1 8 0 . 6 7 1 . 3 3 1 . 9 5 3 . 0 3
Bt3 7 6 - 9 7 6 5 . 5 3 1 2 1 . 9 4 1? 1 . 12 2 4 4 . 2 5 0 . 7 9 1 . 4 7 2 . 0 8 3 . 20
Bt3 9 7 - 1 1 9 1 2 2 . 4 0 1 8 1 .50 2 3 3 . 7 3 3 4 7 . 4 0 1.  51 2 . 30 2 . 8 8 4 . 0 0
B* t3 1 1 9 - 1 3 3 1 5 4 . 7 0 2 0 2 . 2 0 2 5 0 . 8 6 3 7 9 .29 1 . 8 7 2 . 4 8 2 . 9 8 4 . 2 3
B' t3 1 3 3 - 1 4 7 7 9 . 1 9 2 0 7 . 5 8 2 5 7 . 8 8 2 7 1 . 9 7 0 . 1 8 2 . 3 5 2 . 9 8 2 . 9 3
Bt4 1 47 - 1 5 0 3 9 . 8 2 1 8 9 . 5 0 1 7 8 . 6 1 1 8 2 . 6 0 2 . 1 4 2 . 7 5 3 . 3 8 3 - 3 8
T„ = distilled water 
Tp = 0.007N CaSCh.2H?0 solution 
T'Z = 0.014N CaS0j:.2Hp0 solution 
= 0.028N CaSO^HgO solution
Table 13. Electrical conductivity and Na activity in leachates from the initial four





Ti T T2 3 t4 m m m ± 1 1 2 1 ^
cm .... .Na ion activity X 10 4 1 0 • • • • • e 0 • e a e....dS.m -1
Ap 0 - 1 5 2,49 4.27 5 . 0 6 5 . 0 0 0 . 1 7 0 .66 1.07 1.95
E 15-30 5.52 1 5 . 2 2 1 5 . 6 8 1 6 . 1 5 0 . 1 3 0 . 6 0 1.09 1.91
E 30-46 6. 26 14.12 14. 23 1 5 . 8 6 0.15 0.62 1.15 2.10
E/B 46-66 9.69 33.^7 4 3 . 84 48.84 0 .14 0.61 1.12 1.96
Btgl 66-84 6.61 1 3 . 1 0 34.43 43.99 0 . 1 7 0.68 1. 24 2,18
Btgl 84-102 7.96 25.14 38.16 47.41 0 . 2 1 0. 70 1. 28 2.28
Btg2 102-121 10.98 28.43 46.52 64.45 0. 28 0 . 7 2 1.31 2.33
Btg2 121-140 11.77 22.69 53.77 78.79 0. 28 0. 58 1 . 0 3 2.35
Btg3 140-150 18.16 31.81 57.09 99.92 0.41 0.62 1.14 2.63
+T1 = distilled water 
Ti = 0.007N CaSOk.2Hp0 solution 
Tp = 0.014N CaSOVT. 2HpO solution 
TjJ = 0.028N CaSoJJ. 21̂ 0 solution
£r
Table 14. Electrical conductivity and Na activity in leachates from the initial four





T2 t3 T1 T2 t 3 T4
cm .Na ion activity X 10
Ap 0 - 1 3 2 . 1 2 4.65 4.49 4.95 0 . 1 6 0.62 1 . 1 1 1.94
Btl 1 3 - 2 8 2 . 9 8 6.27 8 . 0 3 9-79 0 . 0 9 0 . 2 9 0 . 6 8 1.69
Btl 28-43 1 9 . 0 2 6.30 9.91 11.96 0 . 1 0 0 . 26 1 . 2 0 1.36
Bt2 43-57 2.75 9.18 18.79 2 9 . 24 0 . 0 7 0.02 0.62 1.36
Bt2 57-71 5 .46 18.16 40.35 51.96 0 . 0 7 0 . 2 5 0 . 6 0 1.32
Bxl 71-86 5-35 25.19 49.41 76.95 0 . 0 7 0 . 3 1 0.71 1.52
Bxl 86-102 5.55 22. 71 5 2 . 1 2 76.95 0.08 0 . 3 1 0.75 1.65
2Bx2 102-121 7.29 28.49 62.11 107.69 0 . 0 9 0 . 3 6 0.81 1.70
2Bx2 121-140 3-99 12. 30 2 5 . 9 2 51.62 0.10 0.34 0.75 1.65
2Bt3 140-150 3.53 9.96 2 3 . 31 40. 31 0 . 0 9 0. 28 0.62 1.20
T1 = distilled water 
T? = 0.007N CaSÔ , • 2H?0 solution 
Tp = 0.014N CaSOTh2HpO solution 
= 0.028N CaSO^.2H2O solution
Table 15. Electrical conductivity and Na activity in leachates from the initial four





T1 T T 2 x3 T4 Tl T2 t 3 T4
cm activity X 410J - v  9 a • e • e 0 « 0 • 0 a . . . . dS . m . . . . e 0 9 • 9 •
A 0 - 1 0 9.58 2 2 . 27 2 3 . 21 2 3 . 5 2 0 . 3 2 0.97 1 . 38 2.18
E 10-24 5^.26 86.17 1 0 7 . 0 0 144.15 1 . 1 2 1.77 2 . 38 3-58
E 24-38 57.96 9 4 . 4 9 392.72 402.95 1 . 1 0 0.89 0.92 0.94
Btl 38-54 190.64 2 3 1 . 1 2 2 8 1 . 7 2 3 3 8 . 1 0 4.45 5.40 6.05 7.05
Btl 54-71 119.48 242. 5 8 603.04 697.61 4 . 6 3 5.98 6.53 7.55
Bt2 71-84 206.02 354.38 792.61 8 8 0 . 9 6 4. 85 7.45 8.45 9.10
Bt3 84-102 258.22 406.68 821.63 903.49 5.85 9.43 10.65 11.10
BC1 102-122 33^.55 621.59 1106.45 1 1 1 2 . 2 3 7.85 11.60 12.80 13. 30
BC1 122-142 519-35 785.02 571.15 596.24 12.55 19.80 22. 25 2 2 . 5 0
BC2 142-150 4 1 7 . 0 9 552.71 4 2 4 . 3 1 3 2 4 . 9 2 10. 80 15.10 1 3 . 1 0 9.75
+T1 = distilled water 
T? = 0.007N CaSO^.2HpO solution 
Tp = 0.014N CaSCho2HpO solution 
= 0.028N CaSoJJ^Hp solution
Table 16. Elect-rical conductivity and Na activity in leachates from the initial four





Ti m m 12 Tl t 2 t 3 T4
cm .Na ion activitv X 1 0 4 dS. -1m , » , n
A 0 - 8 1.31 1.76 2.14 2.28 0 . 0 1 0 . 6 8 1 . 21 2 . 1 1
BAg 8 - 3 0 3 . 6 0 4.89 4.99 4.65 0 . 21 0 . 6 8 1.13 1.94
Btgl 30-44 2 0 . 6 1 45.16 6 3 . 6 0 68.64 0.28 0.67 1 . 0 8 1.85
Btgl 44-58 11.15 23.36 3 0 . 6 2 35.78 0 . 3 0 0.65 1 . 0 5 1.79
Bt 5 8 - 8 0 2 1 . 0 6 61.67 8 7 . 8 8 1 1 5 . 8 2 0 . 2 5 0.72 1.19 1 . 0 6
Bt 8 0 - 1 0 2 2 3 .3I 62,41 95.86 1 1 6 . 0 0 0 . 2 9 0.75 1.24 2 . 1 3
Btg2 102-114 43.69 75.60 1 1 6 . 3 1 I6 3 . 14 0 . 6 0 1 . 0 3 1.59 2 . 6 0
Btg2 114-127 51.23 8 3 . 3 1 124.66 177.91 0.64 1.43 1.53 2.55
B'tg2 127-140 116.69 1 0 8 . 8 6 149.16 2 0 0 . 1 0 1.59 1.47 1.93 3.05
B 1 tg2 140-150 134.21 170.03 208.47 247.46 1.72 2 . 1 9 2.70 3.39
+T1 = distilled water 
Ti = 0.007N CaSCh.2H?0 solution 
Tp = 0.014N CaSOT". 2HpO solution 
Tf* = 0.028N CaSOJ.ZHgO solution
Table 17. Electrical conductivity and Na activity in leachates from the initial four






T1 T2 T3 T4 T1 T2 T3 T4
cm .Na ion activity X 10 4 999*9911 . . .dS.m -1 99999 ■ 9 9 9 9 9 9
Ap 0 - 1 3 9 . 1 6 11.13 11.57 1 1 . 1 0 0 . 1 1 0 . 6 2 I . 0 9 1.97
Btl 13-36 84.02 124.69 1 0 6 . 9 0 1 1 8 .14 0 . 1 6 0 .44 0.87 1 . 6 2
Bt2 36-51 49.42 61.85 6 6 . 0 2 65*67 0 . 1 5 0 . 28 0.67 1.43
Bt2 5 1 - 6 6 49.62 61.59 67.79 70.87 0 . 1 6 O . 2 9 0 . 6 3 1 . 31
Bt3 6 6 - 8 6 24.27 33*84 3 8 . 8 2 166.97 0 . 1 2 0 . 21 0.57 1.41
2Bt4 8 6 - 1 0 1 27.39 34.94 44.46 114.52 0 . 1 1 0 . 1 5 0.44 1 . 2 9
2Bt4 1 0 1 - 1 1 7 26.91 3 4 . 2 3 1+2.77 132.27 0 . 1 1 0 . 1 3 0.35 1.13
2BCtl 117-137 30.58 33.^3 50.50 177.33 0 . 1 0 0 . 1 2 0 . 2 9 O . 9 8
2BCtl 137-150 35.44 37.21 5^.99 165.39 0 . 1 2 0 . 1 3 0 . 20 0 . 9 1
T1 = distilled water 
Ti = 0.007N CaS0>,.2H?0 solution 
Tp = 0.014N CaS07\2Hp0 solution 




results showed that, across all soils and through all hori­
zons in each soil, distilled water can remove some of the 
exchangeable Na from the exchange complex. In one treatment, 
distilled water was sequentially leached through each horizon 
from a soil profile. In each soil the Na activity in leach­
ates increased with depth (Tables 12 through 17). Sodium
activities in the distilled water leachates from the Deer-
-4ford, Gilbert and Gigger soils increased from 2 , 9 7 X 10 to 
154.70 X lO” 4 mole/liter, 2.49 X 10”^ to 18.16 X 10"^ mole/ 
liter , and 2.12 X 10~^ to 7-29 X 10”^ mole/ liter, respect­
ively! Tables 12 through 14 ) from the topmost horizons to the 
horizon with the greatest Na activity. In the Deerford, 
Gilbert and Gigger soils, the maximum Na activities were in 
horizons representing depths of 13 3 cm, 150 cm and 121 cm, 
respectively. For soil from the Bonn-Groom-Mollicy topose- 
quence, the Na activity values measured in distilled water 
leachates increased from 9-58 X 10 ^ to 519-35 X 10 ^ mole/ 
liter, 1.31 X 10“^ to 134.20 X 10”^ mole/liter , and 9-16 X 
10“^ to 35-44 X 10~4 mole/liter, respectively (Tables 15 
through 17  ). These maximum activity values occurred in 
horizons 142 cm, 150 cm and 66 cm below the soil surface in 
the Bonn, Groom and Mollicy soils, respectively. Data after 
the IFPV of liquid had passed through each horizon showed 
that frequently in the last or occassionally in the last two 
horizons, the Na activities decreased in the leachates across 
most of the treatments applied. Generally, the highest Na
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activity in distilled water leachates for all soils were 
reached at much shallower depth as the strength of CaSO^* 
2H2O solutions introduced were increased.
Similar trends of increasing Na activities with depth 
were observed with other treatments. Generally, a near 
linear increase in Na activities was observed with depth of 
leaching. Higher Na activities were observed in leachates 
from soils with high initial levels of exchangeable Na than 
from those with small amounts irrespective of treatments or 
soil. For example, in the distilled water treatment 154.70 
X lO-^  Table 12 ) and 519-35 X 10"4 (Table 15) mole/liter 
active Na were detected from horizons at 133 cm and 142 cm 
respectively in the Deerford and Bonn soils. Much smaller 
Na activities were measured in the associated soils with 
lower levels of exchangeable Na. The results indicate that 
relatively large quantities of Na can be removed by leaching 
the soil with distilled water alone, although the maximum 
Na activities in the distilled water leachates from Gilbert 
(18.16 X 10“^) mole/liter, and Gigger(7-29 X 10 ^)mole/liter 
are several times smaller than those from the Deerford and 
Bonn soils.
Across all six soils studied, distilled water leaching 
solutions must pass through a thicker section of the profile 
to produce the same effect compared to leaching with the 
different CaSO^" 2H2O leaching solutions. For example, in 
the Deerford soil distilled water leached to depth of 133 cm
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produced the same Na activity in the leachates obtained at 
119 cm, ?6 cm and 53 cm depths when leached with 0.007N, 
0.014N and 0.028N CaSO^" 2H20 leaching solutions respective- 
ly(Table 12 ). The interpretation is that distilled water 
is less effective than CaSO^* 2H20 solutions in displacing 
exchangeable Na from the soils. However, net amounts of Na 
removed by distilled water and CaSO^* 2H20 solutions as 
determined by the Na activities were comparable in the final 
horizons in most of the soils. Another interesting observa­
tion is that the depth at which distilled water produces 
the same effects as the CaSO^" 2H20 solutions are related 
to the initial exchangeable Na contents in the soil profiles. 
For example, in the Bonn(6.4 cmol(p+)Na), Groom(0.8 cmol(p+) 
Na) and Mollicy(0.2 cmol(p+)Na), the depths where similar Na 
activities were obtained with distilled water and 0.028N 
CaSO^* 2H20 solutions were 142 cm and 5^ cm, 150 cm and 114 
cm, and 66 cm and 36 cm, respectively(Tables 15 though 17 ). 
Similar results were obtained in the Deerford(2.7 cmol(p+)
Na ), Gilbert(1.2 cmol(p+)Na ) and Gigger(1.0 cmol(p+)Na ). 
The depths to the horizons where approximately equal Na 
activities were determined for distilled water and 0.028N 
C a S O 2 H 20 leaching solutions were 133 cm and 53 cm, 150 cm 
and 46 cm, and 102 cm and 13 cm, respectively(Tables 12  
through 14 ).
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Profile Distribution of Exchangeable Sodium, Calcium and 
Aluminium
The discussion in this section includes a brief des­
cription of selected cation profile distribution
patterns, the amounts of cations displaced and changes in 
exchangeable cation contents on a cmol(p+)/kg soil and 
per soil horizon basis. The interpretation and explanation 
that follow them are based on data provided in Table 18 
through 3^> and deductive reasoning on some of the associated 
chemical attributes involved in exchange reactions during 
the sequential leaching process. The results are recorded 
to three decimal or more places for calculation purposes 
although it is recognized that values < "to. 001 have no real 
significant meaning. The positive and negative values, 
respectively, denote net gain and loss with respect to a 
particular cation in each of the soil horizons during the 
course of leaching.
Exchangeable Sodium Profile Distribution Pattern
The results in Table 18 through 2 3 , show that each of the 
leaching solutions employed decreased the exchangeable Na 
below that initially present to a depth of approximately 
100 cm in each of the six soils. The zone between 100-120 cm 
in the Bonn-Groom-Mollicy toposequence and 100-130 cm in the 
Deerford-Gilbert-Gigger toposequence, are characterized by 
almost no net change in exchangeable Na content where 
alternating net loss and gain were observed. At greater
Table 18. Summary of results of exchangeable Na levels in the Bonn soil sequentially
leached with various strengths of CaSO^- 21^0 solutions.
Initial
exchangeable
Horizon Depth Na content Changes in exchangeable Na in cmol(p+)
cm (cmol(p ))
per per kg soil per horizon
kg
soil horizon T1 T2
T3 t4 T1 T2 *3 t4
A 0-■10 0.9 9.0 -0. 20 -0 . 3 4 -0.48 -0.48 -2.00 -3.40 -4. 80 -4. 80
E 10-■2k 4.2 58.8 -0.57 -0 . 6 0 -1.99 -2. 20 -7.98 -8.40 -27.79 -3 0 . 8 0
E 24-■38 4.2 6 7 . 2 -0.59 -3-01 -3.23 -4.73 -8.26 -42.14 -45.22 -66 . 2 0
Btl 38-■5k 11.4 182.4 -0.93 -1.16 -5.36 -4.30 -14.88 -18.56 -85.76 -68.80
Btl 54-■71 11.4 193.8 -0. 20 -0. 21 -1.58 -2. 86 -3-40 -3.57 -26.86 -48.60
Bt2 71-■ 84 1 5 . 0 195.0 -3.35 -2.40 -O . 2 3 -3.94 -43.55 -3 1 . 2 0 -2.99 -5 1 . 2 0
Bt3 84-■102 16. 3 2 9 3 . 4 -3.08 -1.58 -2 . 1 9 -2. 34 -55.44 -28.44 -39.42 -42.20
BC1 102-■122 16.8 336.0 1.75 -1.99 -3.25 -3.60 35.00 0
0
0Os
C’-'I1 -65.00 -7 2 . 0 0
BC1 122-■ 142 16.8 336.0 1.90 1.55 7.90 11.56 38.00 3 1 . 0 0 158.00 2 3 1 . 2 0
BC2 142-• 150 12.7 101.6 6 . 0 3 15.75 13.58 15.03 48.24 121.00 108.64 120.20
Total 1673.2*
Net loss -14.27 -2 3 . 5 1 -31.20 -33.20
Percent removal 0.85 1.41 1.86 1 . 9 8
* T o t a l  sum o f  e x c h a n g e a b l e  Na a v a i l a b l e  p r o r a t e d  t o  1 . 5  m e t e r  p e d o n . 152
Tabie 19. Summary of results of exchangeable Na levels in the Groom soil sequentially
leached with various strengths of CaSO^^J^O solutions.
Initial
exchangeable _ +
Horizon Depth Na content Changes in exchangeable Na in cmol(p )
cm (cmol(p+))per per kg soil per horizon
kg
soil horizon T1 T2 T3 t4 T1 T2 T3 T4
A 0 - 8 0 . 2 1 . 6 -0 . 0 5 -0 . 28 -0 . 0 8 -0 . 1 3 -0.40 -0.64 -0.64 -1.04
BAg 8-30 0 . 1 2.2 -0 . 0 8 -0 . 1 0 -0 . 1 0 -0 . 1 0 -1 . 7 6 -2 . 20 -2 . 20 -2 . 20
Btgl 30-44 0 . 1 1.4 -0 . 0 6 -0.09 -0 . 0 9 -0 . 0 9 -0.84 -1.26 -1 . 26 -1.26
Btgl 44-58 0 . 1 1.4 -0 . 1 0 -o.o4 -0 . 0 9 -0 . 0 3 -l. 4o -0.56 -1.26 -0.42
Bt 5 8 - 8 0 0 . 2 4.4 -0.07 -0 . 1 5 -0 . 1 9 -0. 20 -1 . 5 4 -3.30 -4.18 -4. 40
Bt 80-102 0.2 4.4 -0 . 0 5 -0.14 -0.18 -0.16 -1.10 -3.08 -3.96 -3.52
Btg2 102-114 3-^ 40.8 0.00 -0 . 0 5 -0 . 0 3 -0 . 3 2 0.00 -0 . 6 0 -O . 3 6 -3 . 84
Btg2 114-127 3.4 44. 2 -0.02 -0 . 4 3 -0 . 3 1 -0.14 -0. 26 -5.59 -4.03 1.84
B ' tg2 127-140 2.3 29-9 0.08 0 . 8 9 0 . 7 4 0 . 5 1 1.04 11.57 9.62 6 . 6 3











-6 . 0 3
3-93
* Total sum o f  exchangeable Na available prorated to 1 . 5  meter pedon.
Table 20. Summary of results of exchangeable Na levels in the Mollicy soil
sequentially leached with various strengths of CaSO^- 2H2O solutions.
Initialexchangeable
Horizon Depth Na content Changes in exchangeable Na in cmol(p*)
cm (cmol(p ))
per per kg soil per horizon
kg
soil horizon Tl T2 T3 Th T1 T2 T3 Th
Ap 0 - 1 3 0 . 2 2 . 6 -0 . 0 2 -0 . 0 2 -0 . 0 2 -0 . 0 8 -0 . 26 -0. 26 -0 . 26 -l.oh
Btl 13-36 0.3 6.9 -0 . 0 9 -0. lh -0 . 1 2 -0.10 -2 . 0 7 -3.22 -2 . 7 6 -2 . 3 0
Bt2 36-51 0.1 1.5 -0 . 0 7 -0.05 0.00 -0 . 0 7 -1 . 6 5 -0.75 0.00 -1 . 0 5
Bt2 5 1 - 6 6 0.1 1.5 0 . 0 001 -0 . 0 9 -0 . 0 3 0 00 -0 . 1 5 -1.35 -o.h5
Bt3 66-86 0.1 2.0 -0 . 0 3 -0.02 -0.01 001 1 0 0 -o.ho -0. 20 -0 . 2 0
2Bth 86-101 0.2 3.0 0 . 0 9 -o.oh -0 . oh -0.01 1 . 3 5 -0 . 6 0 -0 . 6 0 -0 . 1 5
2Bth 101-117 0.2 3.2 0.08 0.02 0.18 0.16 0 . 9 6 3 . 2 0 2. 88 2 . 5 6
2BCt 117-137 0.2 h. 0 0.08 0.07 0 . 0 6 0 . 0 5 1 . 6 0 l.ho 1. 20 1 . 0 0






0 . 0 7
-0 . 1 3
0.h8
-0 . 3 1  
1 .lh
-0 . 5 9  
2.16
* Total sum of exchangeable Na available prorated to 1 . 5  meter pedon.
Table 21. Summary of results of exchangeable Na levels in the Deerford soil








Changes in 1 
per kg soil






t 2 t 3 t4
Ap 0 - 2 3 0.3 6.9 -0.09 -0 . 1 2 -0 . 1 0 -0.15 -2.07 -2.76 -2 . 30 -3.^5
E 23-38 0 . 8 1 2 . 0 -0 . 3 2 -0 . 3 2 -O . 6 3 -0.43 -4. 80 -4. 80 -9.45 -6.45
Btl 38-53 2 . 0 3 0 . 0 1 0 0 00 -0.89 -1 . 31 -1.53 -1 . 2 0 -■13.35 -19.65 -22.95
Bt2 53-76 4.4 1 0 1 . 2 -0.82 -3.53 -3.36 -3.31 -18.86 -•81.19 -77.28 -76.13
Bt3 76-97 5.2 1 0 9 . 2 -0 . 1 1 -0.75 -1.71 -1 . 0 6 -2 . 3 1 -■15.75 -35*91 -22.26
Bt3 97-119 5.2 114.1 0.07 -1.55 -2 .17 1 1—1 On 00 1 . 54 3 4 . 10 47. 74 36.96
Bt3 119-133 5-0 7 0 . 0 0.07 2.16 8 . 2 3 3 . 1 4 0 . 9 8 3 0 . 24 1 1 5 . 2 2 43.96
Bt3 133-14? 5.0 7 0 . 0 0.33 1.70 2.49 6 . 10 4.62 2 3 .8O 34. 86 85.40
Bt4 147-150 4.4 13. 2 6.53 9 . 0 0 1 2 . 27 11.07 19.59 2 7 . 0 0 3 6 . 81 33. 21
*Total 526.9
Net loss -2 . 5 1 -2 . 7 1 -5.44 -5.63
Percent removal 0.48 0 . 51 I . 0 3 1.07
* T o t a l  sum o f  e x c h a n g e a b l e  Na a v a i l a b l e  p r o r a t e d  t o  1 . 5  m e t e r  p e d o n . 155
Table 22. Summary of results of exchangeable Na levels in the Gilbert soil
sequentially leached with various strngths of CaSO^- 2 ^ 0  solutions.
Initial











Ap 0 - 1 5 0.4 6 . 0 -0 . 0 3 -0 . 0 3 -0 . 0 7 -0 . 0 9 -0.45 -0.45 -I . 0 5 -1.35
E 15-30 0.4 6 .0 -0 . 1 5 -0 . 1 3 -0 . 0 9 1 0 I-1 ON -2 . 25 -1.95 -1.35 -2.40
E 30-46 0.4 6.4 -0 . 0 9 -0 . 1 9 -0 . 21 -0 . 1 1 -1.44 -3.04 -3.36 -1.76
B/E 46-66 0.4 8 . 0 0 . 0 0 -0 . 3 7 -0.35 -0 . 3 7 0.00 -7.40 -7.00 -7.40
Btgl 66-84 2.6 46.8 1 0 0 tv> 0.00 -0.01 1 0 0 -0 . 3 6 0 . 0 0 -0.18 1 0 h-* CO
Btgl 84-102 2. 6 46.8 -0 . 0 3 -0.21 0.11 -0 . 3 0 -0. 54 -3-78 1.98 -5 . 4 0
Btg2 102-121 3 . 2 60.8 0. 06 0 . 2 5 0 . 0 5 0 . 0 7 1.14 ^.75 0.95 1 . 3 3
Btg2 121-140 3 . 2 6 0 . 8 0.06 0 . 2 9 -0.16 1 0 0 rv> 1.14 5.51 -3.04 -0 . 3 8
Btg3 140-150 0.8 8.0 o.o4 0. 22 0 . 6 0 0. 54 0.40 2 . 2 0 6.00 5.40
Total 
Net loss
x *2 4 9. 6
-2 . 36 -4.16 -7.05 -12.14
Percent removal 0.95 1.6? 2.82 4.86
* Total sum of exchangeable Na available prorated to 1.5 meter pedon.
Table 23. Summary of results of exchangeable Na levels in the Gigger soil
sequentially leached with various strengths of CaSO^- 2H2O solutions.
Initial
exchangeable
Horizon Depth Na content Changes in exchangeable Na in cmol(pj)
cm (cmol(p+))
per per kg soil per horizon
k g
soil horizon T1 T2 T3 t4 T1 T2 T3 T4
Ap 0 - 1 3 0 . 1 1.3 -0 . 0 6 -0.09 -0 . 0 9 -0 . 0 8 -0 o 78 -1.17 -1.17 -1.04
Btl 1 3 - 2 8 0.3 ^•5
0
0001 -0 . 1 3 -0 . 1 5 -0 . 1 3 -1 . 2 0 -1.95 -2 . 25 -1.95
Btl 28-43 0 . 3 4.5 -0 . 0 5 -0 . 1 2 -0 . 1 1 -0 . 0 7 -1.75 1 1-. CO 0 -1 . 6 5 -1 . 0 5
Bt2 43-57 0.5 7.0 - 0 .  21 -0 . 3 1 -0 . 3 1 -0.49 -2.94 -4. 34 -4. 34 -6 . 86
Bt2 57-71 0.5 7.0 -0 . 2 9 -o/4l -0 . 3 6 -0.43 -4.06 -5-74 -5.04 -6 . 0 2
Bxl 7 1 - 8 6 0 . 8 1 2 . 0 1 0 0 t-* 1 0 e* -vJ -0.37 -0.43 -0 . 1 5 -2.55 -5-55 -6.45
Bxl 8 6 - 1 0 2 0 . 8 1 2 . 8 -0 . 0 5 -0 . 0 3 -0 . 2 6 -0 . 2 9 00001 -0.48 -4.16 -4.64
2Bx2 1 0 2 - 1 2 1 1 . 2 2 2 . 8 -0 . 0 3 -0.19 -0 . 3 9 -0.45 -0.57 -3 .6 I -7.41 -8.55
2Bx2 121-140 1.2 2 2 . 8 0.45 0.84 1 .3^ 1.31 8.55 15.96 25.46 24.89













*Total sum o f  exchangeable Na available prorated to 1 . 5  meter pedon
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depths a net gain in exchangeable Na was observed in each 
horizon as evidenced by the positive values. Also in this 
region, the exchangeable Na was at the highest level and the 
Ca was at the lowest level in the solution leachates. In 
each of the soils from both toposequences, the largest 
decrease in exchangeable Na occurred in the upper part of 
the solum but below the surface horizon. The magnitude of 
decrease in exchangeable Na content diminished at greater 
depths down to the zone with essentially no net change before 
a net gain in exchangeable Na content occurred. Overall, 
the amounts of exchangeable Na displaced and the depth to 
which exchangeable Na levels were reduced by the different 
solutions increased in the order 0.00N, 0.007N, 0.014N and 
0.028N CaS0^'2H20. None of the gains and losses in exchange­
able Na (cmol(p+)/kg) due to leaching exceeded the CEC of 
the soils in any horizon in all the soils.
In the Bonn-Groom-Mollicy toposequence, the relative 
amount of exchangeable Na displaced among the soils increased 
with the strength of the CaSO^*2H20 solutions introduced in 
the order Mollicy, Groom and Bonn. In every case, leaching 
with distilled water displaced the smallest amount of 
exchangeable Na compared to other treatments. The data in 
Table 18 through 23» show that in each toposequence larger 
quantities of exchangeable Na were displaced from soils with 
high levels of exchangeable Na compared to those with lower 
levels. Also, the absolute amounts (cmol(p+)) of
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exchangeable Na displaced by distilled water from the Bonn 
soil with the highest level of exchangeable Na was larger 
than the amount displaced by the highest CaSO^^HgO solution 
in any of the other soils. However, the percentage removal 
from the Bonn is less than from the Groom, Deerford, Gilbert 
and Gigger, but larger than Mollicy leached with distilled 
water, For, example in Table 18, 14.3 cmol(p ) of Na were 
displaced from a 1.5 m pedon equivalent of the Bonn soil 
by distilled water. The amount of exchangeable Na removed 
is equivalent to approximately one percent of the total 
exchangeable Na present. The amount removed is also equal 
to two times the amount displaced from the Groom soil(6.03 
cmol(p+), Table 19) by 0.028N CaSO^*2H20 solution and more 
than 14 times the amount removed from Mollicy soil (0.6- 
cmol(p ), Table 20). Similarly, the changes in exchangeable 
Na displaced expressed in cmol(p+) per horizon parallel the 
changes expressed in cmol(p+)/kg basis in the same soil.
In the Deerford-Gilbert-Gigger toposequence, the amo­
unts of exchangeable Na displaced were largest in the Gil­
bert followed by Deerford and even less in the Gigger soil 
(Table 21 through 23). In this toposequence, the differences 
among the soils in the amounts of exchangeable Na displaced 
by distilled water are not as large as those observed among 
the soils in the Bonn-Groom-Mollicy toposequence. They are 
similar in that there was a continuous increase in the amount 
of exchangeable Na displaced and in the depth to which it was
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displaced in the Deerford-Gilbert-Gigger toposequence, when 
the strength of leaching solution was increased from 0.00N • 
to 0.028N CaSO^HgO.
There are strong similarities as well as a number of 
differences among soils within and between toposequence, 
Consistently, across soils in each toposequence, the amount 
of exchangeable Na displaced increased when the strength of 
CaSO^’2H20 leaching solution was increased. However, in none 
of the horizons in any of the soils were the gains or losses 
in exchangeable Na in excess of the CEC of the individual 
soil horizon. The most obvious difference among the soils in 
both toposequences was in the amounts of exchangeable Na 
displaced from soils with the largest amounts of exchangeable 
Na in both toposequences. That is the Gilbert soil( Table 22) 
with the largest amounts of exchangeable Na in the Deerford- 
Gilbert-Gigger toposequence lost the largest amount of 
exchangeable Na (12.1 cmol(p+)) for the entire pedon when 
leached with 0.028N CaSO^*2H20 solution. The Bonn soil 
(Table 18) with the largest amount of exchangeable Na in the 
Bonn-Groom-Mollicy toposequence lost the largest amount of 
exchangeable Na (33*2 cmol(p )) for the entire pedon when 
leached with equal strength of CaSO^*2H20 solution. However, 
the net loss in exchangeable Na in the final leachates were 
largest in soils with the highest levels of exchangeable Na 
in both toposequences (Table 2*0 .









Summary of results of selected cations removed in the final leachates in
cmol(p+) from six soils after leaching with 150 ml of various strengths
*of CaSO^^l^O solutions .
T1 T2 T3 T4 
Na
0 . 0 7 0  O.O9 3 0.153 0.155 
0 .0 1? 0 . 0 2 2  0 . 0 2 5  0 . 0 3 0  
0 . 0 0 1 0 . 0 0 1 0 . 0 0 2  0 . 0 0 3  
0 . 1 7 6 0 . 2 1 5  0 . 2 5 0 0 . 2 6 0  
0 . 0 1 1 0 . 0 1 9 0 . 0 3 5  0 . 0 6 1
0.004 0 . 0 0 8  0 . 0 1 1 0 . 0 1 6
Treatment 
T1 T2 T3 T4
--------------- cmol(p+)
Ca
0.007 0.019 0 . 0 2 3  0 . 0 3 1  
0 . 0 0 7  0 . 0 0 8  0 . 0 1 0  0 . 0 2 0  
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0  0 . 0 0 3  
0 . 0 0 0  0 . 0 0 1  0 . 0 0 1  0 . 0 0 2  
0 . 0 0 0 0 . 0 0 1 0 . 0 0 5  0 . 0 1 5  
0 . 0 0 0  0 . 0 0 0  0 . 0 0 1  0 . 0 0 2
T1 T2 T3 T4
A1
0.000 0.000 0.000 0.000
0.000 0.000 0 . 0 0 1 0.004
0.000 0.000 0.000 0.000
* all values are corrected to - 0 . 0 0 1 cmol(p+).
= distilled water; T2 = 0.007N CaSO^.2H20 solution; = 0.014N CaS0^.2H20 
solution and = 0.028N CaSO^.2H20 solution.
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pattern of exchangeable Na distribution during the leaching 
process. In soils that were leached with CaSO^*2H20 
solutions, the decrease in exchangeable Na displaced at 
greater depth in each soil from both toposequence are 
attributed to the decrease in available Ca to cause positive 
displacement of Na via exchange reaction. The presence of 
relatively small amounts of Ca in the final solution leach­
ates supports the above statement. Since, there was a 
finite quantity of Ca introduced, and it was continuously 
being removed from the solution by exchange reaction as the 
depth of wetting increased, conceivably, at some distance 
below the soil surface, the Na to Ca ratio became too large 
to initiate further Na displacement. Pratt et al., (1 9 6 2) 
reported that with a constant solution SAR of 100, the 
Na to Ca ratio in the adsorbed state was O . 8 9 and 2.̂ -2 at 
pH 8 and 5» respectively. However, the Na to Ca ratio 
measured in the leachates may not necessarily be representa­
tive of the critical ratio unless they are at equilibrium.
In addition, effective displacement cf Na by Ca is also 
dependent on the exchangeable Na percent((exchangeable Na/ 
CEC)100) at that time(Jury et al., 1979)* The implied 
changes are thought to have occurred in the zone of zero or 
near zero change or alternating loss and gain as evidenced 
from the data in Tables 18 through 2 3.
Table 25 shows a typical ratio of exchangeable Na dis­
placed over exchangeable Ca gain in the Bonn soil profile.
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Table 25. Profile distribution of Na to Ca ratios in the
solution leachates of the Eonn soil(cmol(p+)„ + ^ Nacmol(p )Ca) .
Horizon Depth Treatment
cm T1 T2 T3 T4
A 0 - 1 0 2.5 0 . 1 0 . 1 0 . 1
E 10-24 1 2 . 5 0 . 1 0 . 2 0 . 1
E 24-38 2 2 . 8 0 . 9 1.1 0.4
Btl 38-5^ 11.0 7 . 2 2.3 1.2
Btl 5^-71 11.4 12. 7 5.7 1 . 7
Bt2 71-84 19.1 1 9 . 2 11. 5 7 . 3
Bt3 84-102 75.2 26.1 1 9 . 0 1 3 . 9
BC1 102-122 20.9 39.9 3 3 . 8 1 7 . 4
BC1 122-142 10.0 36.2 1 9 . 9 7 . 1
BC2 142-150 ^ . 7 4.9 6 . 7 5 . 0
= distilled water; T2 = 0.007N CaS0^.2H20 solution; 
= 0.014N CaSO^.2H20 solution and = 0.028 N 
CaSO^.2H20 solution.
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Generally, the Na to Ca ratios increased with depth to the 
highest values in the Bt horizon and either remained 
relatively constant or increased slightly at greater depths. 
The results indicate that the amounts of exchangeable Na 
displaced decrease with depth at some distance below the 
middle portion the solum followed by Na adsorption 
at even greater depth. On the other hand, the Na to Ca 
ratio in the leachates decreased(more Na displaced) as the 
strength of the CaS0^»2H20 solutions were increased, a 
condition favorable for Na displacement by Ca. However, 
a large number of the Na to Ca ratios in Table 2 5  are lar­
ger than the 2.42 ratio reported by Pratt et al., ( 1 9 6 2 )
with no control imposed on the solution SAR.
The Na concentration builds up in the leachate as the 
depth of leaching increases. High enough Na concentrations 
to effectively stop further exchange reaction between Ca and 
Na develop and shifts the direction of the reaction in equa­
tion 15 to the left. Hence, at high enough concentrations, 
the monovalent Na effectively competes with Ca for the 
limited exchange sites available. This preferential adsorp­
tion of lower valance cation over higher valance cation has 
been shown to occur(Pratt et al., 1962; Jury et al., 1979)- 
That is, when cations of unequal valancies are involved in 
exchange reactions, concentrating the solution with the lower 
valance cation tends to favor the retention of the lower 
valance cation. Furthermore, the presence of a much higher
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valance cation such as Al, further affects the direction of 
Na displacement. In a relatively low Na concentration, Ca 
can more effectively displace Na than Al. However, when 
there are large amounts of Al already on the exchange sites 
and Na in the solution, Al will he preferentially retained 
and the Na will strongly compete with Ca for availabled 
exchange sites due to its high concentration. Thus, it may 
displace Ca from exchange sites since sites occupied by Al 
are inaccessible. This phenomenon is evidenced by the 
presence of Ca in the final solution leachate with a rela­
tively high concentration of Na and only trace amounts of Al. 
Another possible reason for the concurrent presence of Ca 
and Na in the final leachate is the large Na to Ca ratio in 
the soil solution which is not conducive to exchange react- 
tions. The Ca and Na remain unaffected in the soil solu­
tion and are subsequently removed in the final leachate 
(Keren and O'Conner, 1982). The consistent net gain of Na 
and Al in the lower part of the solum and the presence of 
Ca at low concentrations in the same region support these 
explanations and interpretations.
Exchangeable Calcium Profile Distribution Pattern
The amounts of gain or loss in exchangeable Ca in each 
horizon was monitored as distilled water and different 
strengths of CaSO^*2H20 solutions were sequentially leached 
through each of the soils to a depth of 1.$ m (Table 26 
through 3 1 ). Unlike the exchangeable Na and Al, Ca is the
Table 26. Summary of results of exchangeable Ca levels in the Bonn soil sequentially
leached with various strengths of CaSO^- 2 ^ 0  solutions.
Initial
exchangeable
Horizon Depth Ca content Changes in exchangeable Ca in cmol(p )
cm ( cmol( p ))
per per kg soil per horizon
kgsoil horizon
T 1 T 2
T3 t4 T 1 T 2 T3 T4
A 0 - 1 0 4. 6 46.0 -0 . 0 8 1 1 .44 2 1 . 0 8 40. 5 0 -0 . 8 0 114.40 2 1 0 . 8 0 405.00
E 10-24 3.4 47.6 0 . 0 0 2 . 1 7 3-79 7.03 0 . 0 0 3 0 . 3 8 53.06 98.42
E 24-38 3-4 47.6 0 . 0 0 2 . 2 9 5.94 7.19 0 . 0 0 3 2 . 0 6 8 3 . 1 6 1 0 0 . 6 6
Btl 38-54 4.4 70.4 -0 .14 1.45 0.18 6.14 -2 . 24 2 3 . 2 0 2.88 98.24
Btl 45-71 4.4 74. 8 -0. 01 0.24 2.18 0 . 3 4 -0.17 4.08 37.06 5*7 8
Bt2 71-84 4.8 62.4 -0.-8 0 . 0 3 1.26 7.32 -1.04 0.39 1 6 . 3 8 95.16
Bt3 84-102 5.2 93-60 0 . 1 3 0.02 0. 26 0. 80 2. 3 4 0 . 3 6 4.68 14.4
BC1 102-122 5.6 112.0 -0 . 1 5 0.04 0 . 1 7 0.02 -3.00 0.80 3.40 0.40
BC1 122-142 5.6 112.0 -0 . 0 7 0.02 0.07 0. 12 -1.40 0.40 1. 80 2.40
BC2 142-150 6.7 53.6 o.4o 0 . 0 3 0 . 3 0 1.68 3.20 0.24 2.40 13.44
Total 720.0*
Net change -3.11 206. 3 1  415.63 8 3 3 .90
Total CEC in 1.5 meter pedom 2100.7 cmol(p+).
*Total sum of exchangeable Ca available prorated to 1.5 meter pedon.
Table 27. Summary of results of exchangeable Ca levels in the Groom soil
sequentially leached with various strengths of CaSO^- 2 ^ 0  solutions.
Initialexchangeable
Horizon Depth Ca content Changes in exchangeable Ca in cmol(p+)
cm (cmol( p ))
per per kg soil per horizon
kg
soil horizon T 1 T 2 T3 T4 T 1 T 2 T3 T4
A 0 - 8 0 . 2 1 .6 -0 . 0 1 1 3 . 8 3 2 5 . 7 0 49.65 -0 . 0 8 110.64 2 0 5 . 6 0 397- 20
BAg 8 - 3 0 0 . 2 *1. *1 -0 . 0 5 1.15 2 . 5 0 3*71 -1 . 1 0 2 5 . 3 0 55*00 8 1 . 6 2
Btgl 30-44 0 . 6 8 . *1 0 . 0 7 1.96 2.94 3*50 O . 9 8 27.44 41.16 49.00
Btgl 44-58 0 . 6 8 . *1 0 . 0 3 1.43 3*43 1.46 0.42 2 0 . 0 2 48.02 20.44
Bt 5 8 - 8 0 0 . 2 *1. *1 0 . 0 0 0.63 1.44 2.97 0 . 0 0 1 3 . 8 6 3 1 . 6 8 65*3^
Bt 80-102 0 . 2 *!.*!. 0 . 0 0 0.35 0 . 3 4 2.75 0 . 0 0 7.70 7.48 6 0 . 5 0
Btg2 1 0 2 -11*1 3*2 3 8 .*! -0 . 0 2 0 . 1 5 1 . 1 5 3*30 1 0 !Y> 1 . 8 0 1 3 . 8 0 39.60
Btg2 1 1 *1 - 1 2 7 3.2 *11.6 0. 00 0.02 0. 81 0 . 5 8 0.00 0 . 2 6 10.53 7.54
B'tg2 127-140 2. 8 3 6 .*! -0.28 0.02 0. 22 2.18 -3.64 0. 26 2. 86 2 8 . 3 4
B ' tg2 1 *1 0 - 1 5 0 2.8 28.0 0. 28 0.08 0. 20 1.14 2.80 0. 80 2.00 11.40
Total 176.0*
Net change -0.86 208.08 418.13 7 6 0 . 9 8
Total CEC in 1.5 meter pedon: 1153*5 cmol(p+).
*Total sum of exchangeable Ca available prorated to 1.5 meter pedon.
Table 28. Summary of results of exchangeable Ca levels in the Mollicy soil
sequentially leached with various strengths of CaSO^' 2H 2O solutions.
Initialexchangeable
Horizon Depth Ca content Changes in exchangeable Ca in cmol(p+)
cm (cmol(p ))
per per kg soil per horizon
kgsoil horizon T1 T2 T3 t4 T1 T2 T3 t4
Ap 0 - 1 3 2.0 26.0 ■0 . 0 6 2.40 3-85 3.32 -0.78 3 1 . 20 5 0 . 0 5 4 3 .16
Btl 13-36 0.1 2.3 -•0 . 0 2 2.57 3.40 6 . 7 0 -0.46 59.11 7 8 . 2 0 154 . 1 0
Bt2 36-51 0.7 1 0 . 5 0 . 0 1 2.95 6 . 1 3 9.83 0 . 1 5 44. 2 5 91.95 147.45
Bt2 5 1 - 6 6 0.7 10.5 0.04 2.01 3.72 8.01 0.60 30.15 55.80 1 2 0 . 1 5
Bt3 66-86 0.8 16.0 0.01 1.83 5.08 8. 55 0. 20 3 6 . 6 0 101.60 1 7 1 . 0 0
2Bt4 86-101 0.2 3.0 0.00 0.45 1.39 7.85 0.00 6.75 2 0 . 8 5 117.75
2Bt4 101-117 0.2 3.2 0.01 0.08 0. 85 2.61 0.16 1. 28 1 3 . 6 0 41. 7 6
2BCt 117-137 0.3 6 . 0 0.00 0 . 0 3 0 . 3 8 2.09 0.04 0.60 7 . 6 0 41. 80
2BCt 137-150 0.3 3.9 0.00 0.02 0. 26 0.17 0.00 0.02 3.38 2. 21
Total
Net change 
Total CEC in 1
81. 4*
.5 meter pedon: 1568. 4 cmol( p+) .
-0 . 0 9 209.96 4 2 7 . 0 3  859.38
*Total sum of exchangeable Ca. available prorated to 1.5 meter pedon. 168
Table 29. Summary of results of exchangeable Ca levels in the Deerford soil
sequentially leached with various strengths of CaSO^- 2H2O solutions.
Initial
exchangeable
Horizon Depth Ca content Changes in exchangeable Ca in cmol(p )
cm (cmol(p ))
per per kg soil per horizon
kg
soil horizon
T 1 T 2
T3 T4 T 1 T 2 T3 T4
Ap 0 - 2 3 2 . 6 59.8 -0.04 3.23 4.12 5.52 -0 . 9 2 74. 29 94.76 126.96
E 2 3 - 3 8 2 . 0 3 0 . 0 0 . 0 3 2 .U-3 2.37 4.88 0.45 36.45 35-55 73.20
Btl 38-53 3-4 5 1 . 0 0 . 0 1 4.71 11.95 1 9 . 2 3 0 . 1 5 70.65 179.25 288.45
Bt2 5 3 - 7 6 4.4 1 0 1 . 2 -0 . 0 2 1.15 3-93 12.04 -0.46 26.45 90.39 2 7 6 . 9 2
Bt3 7 6 - 9 7 4. 2 8 8 . 2 0 . 0 2 0.04 O . 6 3 2 . 6 7 0.42 0 . 84 1 3 . 2 3 56.07
Bt3 97-119 Ur. 2 92.4 -0 . 0 1 0 . 0 1 0 . 1 9 1.13 -0 . 2 2 0 . 2 2 4.18 24.86
Bt3 119-133 5.U- 75-6 0 . 0 0 0.04 0 . 0 6 0 . 1 1 0 . 0 0 0 . 5 6 0.84 1 . 5 6
Bt3 133-147 5.^ 75-6 0 . 0 3 0 . 0 1 0 . 0 3 0 . 1 7 0.42 0.14 0.42 2 . 3 8
Bt4 147-150 5.9 17.7 0 . 0 5 0 . 2 0 0.40 0 . 6 7 0 . 1 5 0 . 6 0 1 . 2 0 2 . 0 1
Total *591.5
Net change -0.01 2 1 0 . 2 419.5 852.4
Total CEC in 1. 5 me ter pedon: 2 0 9 9 .3 cmol( P+) ■
*Total. sum of exchangeable Ca available prorated to 1 . 5  meter pedon.
Table 30. Summary of results of exchangeable Ca levels in the Gilbert soil
sequentially leached with various strengths of CaSO^- 2H 2O solutions.
Initial
exchangeable
Horizon Depth Ca content Changes in exchangeable Ca in cmol(p+)
cm (cmol(p+))
per per kg soil per horizon
kg
soil horizon
T 1 T 2
T3 T4 T 1 T 2 T3 T4
Ap 0 - 1 5 4.6 6 9 . 0 -0 . 0 3 4 . 1 1 4 . 9 6 4.48 -0.45 6 1 . 6 5 74.40 67. 20
E 15-30 4.9 73.5 -0.01 3.28 3.13 9.05 -0 . 1 5 4 9 . 2 0 ^6.95 135.75
E 30-46 4.9 78.4 -0.01 1.84 4 . 9 8 8.85 -0.16 29.44 79.68 141.60
B/E 46-66 10. 5 210.0 0.02 1.37 3-97 7.86 0.40 27.40 79.40 157.2
Btgl 66-84 6.6 118.8 0.01 1.87 5.69 13.36 0.18 33-66 102.42 240.48
Bfgl 84-102 6.6 118.8 0.00 0.33 0. 88 2.37 0.00 5-9^ 15.84 42.66
B1g2 102-122 9.0 171.0 0. 00 0.11 0.77 1 . 6 9 0.00 2.09 14. 6 3 3 2 . 1 1
B1g2 121-140 9.0 171.0 0.00 0.02 0. 26 0.86 0.00 0 . 3 8 4.94 16. 34
B1g3 140-150 4.9 4 9 . 0 0.01 0.02 0.08 0 . 3 6 0.10 0. 20 0. 80 3.60
Total
Net change 
Total CEC in 1
1059-5*
■5 meter pedon: 2499 cmol( p+).
-0.08 209.96 419.96 8 3 6 . 9 4
*Total sum of exchangeable Ca available prorated to 1.5 meter pedon.
Table 31. Summary of results of exchangeable Ca levels in the Gigger soil
sequentially leached with various strengths of CaSO^- 2H 2O solutions.
Initial
exchangeable
Horizon Depth Ca content Changes in exchangeable Ca in cmol(p+)
cm (cmol(p ))
per per kg soil per horizon
kg
soil horizon T1 T2 T3 t4 T1 T2 T3 t4
Ap 0 - 1 3 3 . 6 46.8 -0.14 9 . 3 2 1 6 . 0 6 3 1 . 1 4 -1.82 121.16 2 0 8 . 7 8 404.82
Btl 13-28 4.0 6 0 . 0 0.10 2.77 4 . 5 9 7 . 7 2 0 . 1 5 41.55 6 8 . 8 5 115.80
Btl 28-43 4.0 60.0 0.00 1 . 3 2 2 . 8 7 4 . 5 9 0 . 0 0 1 9 . 8 0 4 3 . 0 5 6 8 . 8 5
Bt2 43-57 1.6 22.4 0.00 0 . 4 3 3 . 4 4 6. 3 1 0. 00 6.02 48.16 88. 34
Bt2 57-71 1.6 22.4 0.01 0. 81 0.46 3 . 7 4 0.10 1 1 . 3 4 6.44 5 2 . 3 6
Bxl 71-86 1.6 24.0 0.00 0 . 4 3 1 . 3 9 1.16 0.00 6 . 4 5 2 0 . 8 5 17.40
Bxl 86-102 1.6 2 5 . 6 0.00 0.18 0.8 4 2 . 7 5 0.00 2.88 1 3 .44 44.00
2Bx2 102-121 2.5 47.5 0.00 0. 24 0 . 4 3 1 . 5 5 0.00 4. 5 6 8 .17 29.45
2Bx2 121-140 2.5 47.5 0.00 0.01 0.08 0. 84 0.00 0 . 1 9 1. 52 15.96
2Bt3 140-150 3.8 38.0 0.00 0.01 0.04 0 . 2 5 0.00 0. 10 0. 40 2 . 5 0
*Total 394.2
Net change I . 6 7  214.05 419.66 839.48
Total CEC in 1.5 meter pedon: 1848.7 cmol(p+).
* T o t a l  sum o f  e x c h a n g e a b l e  Ca a v a i l a b l e  p r o r a t e d  t o  1 . 5  m e t e r  p e d o n .
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cation added to displace others, especially Na,
Except with distilled water, leaching the soils with 
CaSO^^HgO solutions resulted in a net gain in exchangeable 
Ca in each horizon in all the soils. The largest gains in 
exchangeable Ca were observed in the upper part of the so­
lum. Large gains in exchangeable Ca were observed in the 
surface horizons of the Bonn, Groom and Mollicy soils. The­
se soils contain relatively high organic matter contents. 
The data in Tables 26, 2 7  and 28 suggest that the organic 
matter exhibits a strong preferential adsorption of Ca(Pratt 
and Grover, 1964), and either retained large volumes of Ca- 
SO^^HgO solution or sorbed large amounts of Ca from the 
solution, resulting in a particularly large decrease in Ca 
content of the leachate passing through those horizons com­
pared to surface horizons of the other soils. The quanti­
ties of Ca retained in the subsequent horizons consistently 
decreased in all soils at greater depths in every treatment 
except distilled water. On the other hand, leaching the 
soil with distilled water produced a small net loss in ex­
changeable Ca in every soil although some gains and losses 
between horizons within a soil occurred as the depth of wet­
ting increased. The losses in exchangeable Ca occurred 
mostly in the upper part of the solum.
In both toposequences, the net gain in exchangeable Ca 
in each soil increased as the strength of CaSO^*2H20 leach­
ing solution was increased. Also the amount of Ca initially
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introduced that remained unadsorbed in the final solution 
leachates increased with solution strength and in the order 
Gigger, Deerford and Gilbert, and Mollicy, Groom and 
Bonn soils(Table 2 k ) ,  in soils of the two toposequences. 
Soils with the largest amounts of exchangeable Ca initially 
retained the smallest amounts of Ca from from CaSO^' 2 ^ 0  
solutions. The large amount of Ca leaching through the Bonn 
soil may be explained by considering the Na to Ca ratio in 
the leachate. That is,when a large quantity of exchangeable 
Na is present, a large amount of exchangeable Ca is required 
in solution to effect an exchange reaction between Ca in the 
solution and Na on the exchange sites. Effective displace­
ment of Na and adsorption of Ca can not take place under the 
low Ca concentration relative to Na that occurred in the 
lower part of the solum. At this point the Ca concentration 
has been reduced substantially while the Na concentration 
increased as Ca to Na exchange took place during the leach­
ing process until the SAR reached a value in equilibrium with 
exchangeable Na percent(Keren and O'Connor, 1982). Under 
such conditions the Ca and Na remain in solution and pass 
through the soil. Also, with high Na and low Ca concentra­
tions, adsorption of monovalent Na is favored over divalent 
Ca. These effects are manifested as a net gain in exchange­
able Na in the lower part of the solum.
Exchangeable Aluminium Profile Distribution Pattern
Results of changes in exchangeable A1 during leaching
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are shown in Tables 3 2  through 3 ^ for Mollicy, Groom and 
Gigger soils which confain appreciable amounts of exchange­
able Al. The remaining three soils were not included in the 
analysis because they contain minimal amounts or no 
exchangeable Al.
Major losses in exchangeable Al occurred in the upper­
most two or three horizons when leached with the CaSO^* 2 H2 O 
solutions. Generally, the remainder of the solum gained 
exchangeable Al through adsorption of that displaced from 
the upper horizons. Regardless of the leaching solution 
employed, gains or losses in exchangeable Al from each hori­
zon did not exceed the CEC of that horizon. In the distil­
led water treatment, most of the losses also occurred in the 
upper part of the solum, although some alternating gains 
and losses were observed throughout the remainder of the 
solum. In the lower solum the amount of exchangeable Al 
gained by each soil horizon became smaller as displaced Al 
from the upper horizons was redistributed through leaching. 
Generally, the amount of exchangeable Al lost from the 1.5 
m pedons increased from Gigger to Groom and then Mollicy. 
That is, larger amounts of exchangeable Al were removed 
from soils that contain higher levels of exchangeable Al.
The data in Tables 32 through 3^ show that in all cases 
major losses in exchangeable Al occurred in the upper part 
of the solum, suggesting that at the initiation and during 
early stages of leaching, there was adequate Ca present to
Table 32. Summary of results of exchangeble Al levels in the Groom soil
sequentially leached with various strengths of CaSO^- 2H 2O solutions.
Initial
exchangeable
Horizon Depth Al content Changes in exchangeable Al in cmol(p+)
cm (cmol(p ))per per kg soil per horizon
kg
soil horizon
T 1 T 2
T3 T4 T 1 T 2 T3 t4
A 0 - 8 1 . 2 9.6 •0 . 1 3 -0.0*4- 3.01 -0 . 3 1 -1 . 0*4- -3.44 00(V•t-H1 -2.48
BAg 8 - 3 0 2 . 2 48,4 ■0 . 5 2 -0. *4-6 -0.95 -1 . 5 6 -11.44 -7.04 -2 0 . 9 0 -34.32
Btgl 3 0 -*44 2 . 8 39.2 -■0 . 0 2 -0.41 -1.70 -0 . 7 8 -0 . 28 -5.7 4 -2 3 . 8 0 -1 0 . 9 2
Btgl *44-58 2 . 8 39-2 0 . 0 2 0.07 0.39 -0. 3*4- O . 5 6 0 . 9 8 5.46 -4. 7 6
Bt 5 8-80 7.7 169 a *4- 0.*4-5 0.33 0.75 0 . 5 7 9.90 6.16 1 6 . 5 0 1 2 . 5 4
Bt 80-102 7.7 169**4- 0.07 0.12 0 . 3 0 1.00 1.54 3.52 6. 6 0 22.00
Btg2 102-11*4- 5.3 6 3 . 6 0 . 0 5 0 . 3 8 1.30 0 . 9 3 0 . 6 0 4. 5 6 1 5 . 6 0 11.16
Btg2 11*4-127 5.3 68.9 0. 00 0.06 1.18 0 . 2 9 0.00 0.78 1.56 3.77
B*tg2 1 2 7 -1*10 5.3 68.9 0. 00 0.00 0.00 0. 20 0.00 0.00 0.04 2 . 6 0
B ’tg2 1*4-0-150 5.3 53-0 0. 00 0.02 0.01 0.02 0.00 0. 20 0 . 1 0 0. 20
Total 739.6*
Net change -0.16 -0.02 -0 . 1 2 -0. 21
Total CEC in 1. 5 me ter pedon: 1153. 1—1 0 E 0 p+).
* T o t a l  sum o f  e x c h a n g e a b l e  Al  a v a i l a b l e  p r o r a t e d  t o  1 . 5  m e t e r  p e d o n .
Table 33. Summary of results of exchangeable Al levels in the Mollicy soil
sequentially leached with various strengths of CaSO^- 2H 2O solutions.
Initial
exchangeable
Horizon Depth Al content Changes in exchangeable Al in cmol(p )
cm (cmol(p+))
per per kg soil per horizon
kgsoil horizon T1 T2 T3 T4 T1 T2 . T3 t4
Ap 0 - 1 3 1 . 6 2 0 . 8 ■0 . 1 0 -0.44 -0 . 5 6 -1 . 0 6 -1 . 3 0 -5 . 6 6 -7 . 28 -13.78
Btl 13-36 7.7 177.1 0 . 0 5 -0.65 -1.56 -2 . 26 1 . 1 5 -14.95 -35.88 -51.98
Bt2 36-51 8.5 127.5 -■0 . 0 2 -0.07 -0 . 1 7 -0.97 -0 . 3 0 -I . 0 5 -2.55 -14.55
Bt2 5 1 - 6 6 8.5 127.5 0 . 0 1 0 . 3 0 0 . 1 0 -0 . 1 1 0 . 1 5 4 . 5 0 1 . 5 0 -1.65
Bt3 6 6 - 8 6 8 . 6 1 7 2 . 0 0 . 0 0 0 . 6 0 1 .34 2 . 24 0 , 0 0 1 2 . 0 0 26. 80 44. 80
2Bt4 8 6 - 1 0 1 8.9 133.5 0 . 0 1 0 . 1 6 0 . 2 7 0 .I3 0 . 1 5 2.40 4. 05 1.95
2Bt4 1 0 1 - 1 1 7 8.9 142.4 0 . 0 0 0 . 1 0 0.28 0 . 3 6 0 . 0 0 1 . 6 0 4.48 5.76
2BCt 117-137 5.7 114.0 0 . 0 0 0 . 0 5 0.42 1.18 0 . 0 0 1 . 0 0 8.40 2 3 . 6 0
2BCt 137-150 5.7 74.1 0 . 0 1 0 . 0 1 0 . 0 3 o.4l 0 . 1 3 0 . 1 0 0.39 5.33
Total
Net change 
Total CEC in 1
1 0 8 8.9*
. 5 meter pedon: 1 5 6 8. 4 cmol( p+) .
-0 . 0 2 -0 . 0 6 -0 . 0 9 -O. 5 2
*Total sum of exchangeable Al available prorated to 1.5 meter pedon. 176
Table 34. Summary of results of exchangeble Al levels in the Gigger soil
sequentially leached with various strengths of CaSO^. 2H2O solutions.
Initialexchangeable +
Horizon Depth Al content Changes in exchangeable Al in cmol(p )
cm (cmol(p+))per per kg soil per horizon
kg
soil horizon T1 T2 T3 T4 T1 T2 T3 T4
Ap 0-13 0 . 2 2 . 6
000•01 -0 . 0 2 000001 -0 . 1 3 -1.04 -0 . 2 6 -1 . 3 0 -1.69
Btl 1 3 - 2 8 1 . 2 18.0 0 . 0 1 -0.07 -0 . 21 -0.57 0 . 1 5 -1 . 0 5 -3 . 0 0 -8.55
Btl 28-43 1 . 2 1 8 . 0 0 . 0 3 0 . 0 1 0 . 0 5 0 . 0 5 0.45 0 . 1 5 0 . 6 0 0.75
Bt2 43-5? 5.0 7 0 . 0 -0 . 0 7 -0 . 0 3 -0 . 3 4 -O . 8 3 -1 . 0 5 -0.42 -4.62 -11.62
Bt2 57-71 5-0 7 0 . 0 0 . 0 0 0.04 0.19 0.19 0 . 0 0 0 . 5 6 2 . 6 6 2 . 6 6
Bxl 7 1 - 8 6 4.4 6 6 . 0 -0 . 0 9 0.04 0 . 2 5 0.75 -1.35 0 . 6 0 3 . 80 1 1 . 2 5
Bxl 8 6 - 1 0 2 4.4 70.4 0 . 0 5 0.01 0.07 0.21 0.80 0 . 1 6 1.12 3.36
2Bx2 102-121 4.7 89-3 0 . 0 7 0.01 0 . 0 3 0.17 1.33 0 . 1 9 0.57 3.23
2Bx2 121-140 4.7 89.3 0 . 0 3 0.00 0.01 0.02 0.57 0.00 0 . 1 9 0 . 3 8
2Bt3 140-150 0.2 2 . 0 0 . 0 1 0.01 0.00 0.00 0 . 10 0 .  10 0.00 0.00
Total 4 9 5 .6*
Net change -o.o4 -0 . 0 3 -0.02 -0 . 2 3
Total CEC in 1.5 meter pedon : 1848.7 cmol(p ).
*Total sum of exchangeable Al available prorated to 1 . 5  meter pedon.
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effectively displace Al from the exchange sites via an ex­
change reaction. Trivalent Al is held more tenaciously than 
lower valance cations and it is difficult for lower valance 
cations to displace Al from the exchange sites. Therefore, 
successful displacement of Al could only take place during 
early stages of leaching when there was excessive amounts of 
Ca present. At greater depths, the concentration of Ca 
dropped, and displaced Al was readsorbed. The lack of 
displacement together with preferential retention of Al 
while the exchangeable Na was displaced is in effect due to 
valance dilution. Also during this stage Ca was adsorbed.
In essence both Ca and Al were competing for sites occupied 
by exchangeable Na. Thus, the large amount of exchangeable 
Na desorbed in the upper to mid portion of each solum result­
ed from the action of the Ca and Al brought down from upper 
horizons displacing the exchangeable Na. In all the soils 
regardless of the types of cations involved, leaching with 
distilled water did not result in gain or loss in exchange­
able cations greater than the CEC of the horizon. Except for 
the surface horizons in the Bonn, Groom and Gigger soils, no 
other horizons have sums of their individual gain in ex­
changeable (Ca + Na) or (Ca + Na + Al) greater than the CEC 
of the soil. Of the three soils(Bonn, Deerford and Gilbert) 
that did not contain appreciable amounts of exchangeable Al, 
only the Gilbert did not gain exchangeable Ca or loose ex­
changeable Na in any of the horizon that exceeded the CEC of 
the horizon. Except for the Btl horizon (38-53 cm) in
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Deerford soil, the gain in exchangeable Ca in all other hori­
zons are smaller than the CEC of the horizons. Regradless of 
the cations involved, the volumes of liquid retained by the 
individual horizon significantly affect the amounts of cat­
ions displaced or adsorbed by the samples. Samples that re­
tained larger volumes of liquid reduced the amounts of ex­
changeable Na and Al displaced but increased the amounts of 
added Ca adsorbed.
Summary of Exchangeable Sodium, Calcium and Aluminium
Analysis of the exchangeable Na, Ca and Al data as a 
whole reveals several important relationships among the 
three cations with respect to their distribution and their 
gains and losses during the sequential leaching processes. 
Leaching the soils with distilled water and CaSO^* 21^0 so­
lutions resulted in a loss of exchangeable Na in each soil. 
More importantly, a large portion of the exchangeable Na 
initially displaced from the upper two-thirds of the solum 
was redistributed in the lower less than one-third of the 
profile with minimal loss in the final leachate solution as 
seen in the data (Tables 18 through 23). Leaching with 
CaSO^^HgO solutions invariably resulted in desorption 
followed by adsorption of Na and Al and leaching with dis­
tilled water resulted in desorption of Na, Ca and Al.
Changes in exchangeable Na contents as a result of 
leaching occurred in three separate phases and at three 
separate regions in each soil profile. In the upper two-
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thirds of the solum, Na was displaced by Ca introduced 
followed by a thin zone of near zero net change in exchange­
able Na, and a net gain in exchangeable Na in the remainder 
of the solum. Throughout the depth of leaching, the Ca 
introduced in the leaching solutions was consistently remo­
ved from the solution via exchange reaction and the amount 
removed generally decreased at greater depths. The exchange­
able Al underwent two overall changes in the entire depth of 
leaching. Initially, excessive amounts of Ca present resul­
ted in displacement of exchangeable Al from the exchange si­
tes which then became readsorbed at greater depth as the Ca 
concentration dropped. This is attributed largely to valan­
ce and concentration differences which favor retention of 
the higher valance cation. Readsorption of Al also resulted 
in displacement of the more easily displaced Na.
The data obtained from the laboratory study using 
150 ml of CaSO^*2H20 solution, suggest that underground sub­
surface tile drainage placed at depth approximately 100 cm 
will allow removal of the exchangeable Na through drainage 
discharges. However, the depth of leaching established in 
the experiment is not unique because the depth of leaching 
is highly dependent on the volumes of CaSO^* 2H20 used and 
permeability of a soil. Since leaching the soil with 150 ml 
of CaSO^*2H2 0 solution only resulted in redistribution of ex­
changeable Na and other salt from the upper two-thirds to lo­
wer one-third of the 1 . 5  ra pedon, continued leaching of the
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soil with insufficient volumes of liquid will only further 
concentrate the soluble salt and exchangeable Na in the sub­
soil. Over time, the salt and exchangeable Na may reach 
high enough concentration to cause soil dispersion and hin- 
er drainage below this depth by forming a less pervious la­
yer. Under extreme conditions it may transform the horizon 
into a salt or Na saturated layer which is more detrimental 
than the conditions before leaching began. Therefore, recla­
mation attempts with chemical amendments that convert the 
exchangeable Na to a nonhydrolyzing salt like NagSO^ may be 
fruitless unless sufficient volumes of liquid are used and 
the excess salt can be leached and carried away through 
drainage discharge. In areas where the water table is con­
stantly or intermittently high it is necessary to lower 
the water table by installing underground tile drains at 
sufficient depths such that upward movement of ground water 
into the root zone is reduced or eliminated to prevent salt 
accumulation on or near the surface by capillary action. 
The primary function of such a system is to allow the ope­
rator to maintain the water table at some desirable depth 
below the root zone throughout the year.
As a minimum requirement, a drainage system must be 
adequate to remove from the soil the equivalent depth of wa­
ter that must passed through the zone in order to maintain a 
favorable salt balance. Thus, irrigation, leaching and so­
il management practices involved in the control of salinity
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are important in establishing the drainage requirements. In 
this study the volume of liquid used was insufficient to 
leach away soluble salts especially exchangeable Na from the 
soil profile. Thus, leaching resulted in salt accumulation
in the subsoil since the total salts going into the subsoil
were greater than in the solution passing through it.
With knowledge of water consumption,the minimum amounts 
of liquid required to pass through and beyond the region to 
maintain EC of the drainage solution below some specific de­
sired value (ECdw), can be calculated from equations outli­
ned in the Soil Salinity Handbook No. 60 (195*0 s
Ddw ECiw
LR = ---= ----- (19)Diw ECdc
This expression gives the fraction of water required to ma­
intain drainage water EC at some specified value. The 
depth of irrigation water (Diw) as a function of the con­
sumption use (Dew) and equivalent depth of water (Ddw) can 
be calculated from the expression:
Diw = Dew + Ddw (20)
Solving equation(19) for Diw, and substituting the value 
obtained in equation(2 0 ) and rearranging gives:
DiwDdw =   (21)
1 - LR
and expressing LR in term of conductivity ratios in equation
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(1 9 ) gives:
ECiw
Ddw =   X Dew (22)
ECdw - ECiw
with the depth of water to be drained(Ddw) expressed in 
terms of EC of the irrigation water. Thus, for calculation 
of water requirement purposes to reduce the level of soluble 
salt in the root zones or any other desired depths, one has 
to assume that water will freely drain through the soil. 
Experiences showed that in soil which are highly dispersed, 
little or no water can readily pass through. In such a si­
tuation, the physical condition of the soils associated with 
the hydraulic conductivity and the presence or absence of an 
impervious layer must be considered for successful reclama­
tion programs.
Multiple Variables Comparisons
Multiple comparisons among Na activities, EC of leach­
ates and depth of treatments, showed a concurrent increase 
with EC and treatment as well as EC with depth for a parti­
cular horizon and profile. Representative three dimensional 
plots showing these relationship in the Bonn and Deerford 
soils are given in Figures 18 through 21. Figure 18 and 19, 
20 and 2 1 , show these relationships in the two uppermost ho­
rizons in the Bonn and Deerford soils, respectively. These 
figures show that the Na activity exhibits a positive linear 
ralationship with both the EC of leachate and treatments
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(Figures 18 through 21). The increase in leachate EC was 
not entirely due to the increase in Na but also increases 
in other cations. In most soils the leachate EC increased 
significantly from those measured in the distilled water 
compared to CaSO^" 2K^0 leachates. However, the EC of the 
leachates increase by a factor of two, when leaching solu­
tion Ca concentration were doubled (Tables 12 through 17). 
An average three-fold increase in Na activity occurred in 
leachates from the Deerford soil when Ca concentration was 
increased from zero (Distilled water) to 0.028N CaSO^' 2^0.
An analysis of the relationship between Na activity,
EC of leachates and sample depths was also done. Selected 
plots illustrating these relationships are given in Figures 
22 through 27. Both the Na activity and EC of leachates, 
concurrently increased with increasing sample 
in the last one or two horizons in each soil. Table 35 
show the average ratio of Na activities in the successive 
higher treatment leachates in each of the six soil profiles. 
In each soil the Na activity in 0.007N CaSO^* 2H20 solution 
to distilled water leachates ratio are greater than most 
other Na activity ratios in successive higher treatments 
except the ratio for Na activity in 0.028N CaSO^*2H20 
solution to distilled water.
185
Figure 18. Treatment verses electrical conductivity 
and Na activity of leachate from the 
initial four pore volumes of solution 
added to the A horizon(.0-10 cm) of 
the Bonn soil.
Tl = distilled water 
T2 = 0.007N CaS04 - 2H20 
T3 = 0.014N CaS04 - 2H20 and 








Figure 19. Treatment verses electrical conductivity 
and Na activity of leachate from the 
initial four pore volumes of solution 
added to the E horizon(10-24 cm) of 
the Bonn soil.
T1 = distilled water 
T2 = 0.007N CaS04 - 2H20 
T3 = 0.014N CaS04 - 2H20 and 








Figure 20. Treatment verses electrical conductivity 
and Na activity of leachate from the 
initial four pore volumes of solution 
added to the Ap horizon(0-23 cm) of 
the Deerford soil.
Tl = distilled water
T2 = 0.007N CaS04 - 2H20
T3 = 0.014N CaS04 - 2H20 and








Figure 21. Treatment verses electrical conductivity 
and Na activity of leachate from the 
initial four pore volumes of solution 
added to the E horizon(23-38 cm) of 
the Deerford soil.
Tl = distilled water 
T2 = 0.007N CaS04 - 2H20 
T3 = 0.014N CaS04 - 2H20 and 
T4 = 0.028N CaS04 - 2H20.
Figure 22. Sample depth verses electrical conductivity 
and Na activity of leachate from the initial 
four pore volumes of distilled water added 














Figure 23. Sample depth verses electrical conductivity 
and Na activity of leachate from the initial 
four pore volumes of 0.007N CaSO^- 21^0 
solution added to individual horizon sample 













Figure 24. Sample depth verses electrical conductivity 
and Na activity of leachate from the initial 
four pore volumes of distilled water added 













Figure 25. Sample depth verses electrical conductivity 
and Na activity of leachate from the initial 
four pore volumes of 0.007N CaSO^- 2H2O 














Figure 26. Sample depth verses electrical conductivity
and Na activity of leachate from the initial 
four pore volumes of 0.014N CaSO^- 2H 2O 














Figure 27. Sample depth verses electrical conductivity 
and Na activity of leachate from the initial 
four pore volume of 0.028N CaS0^-2H 0 
solution added to individual horizons 
from Deerford soil.
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Table 35. Sodium to sodium activity ratios in leachates 
from successive higher treatment pairs of six 
soils.
Ratio Bonn Groom Mollicy Deerford Gilbert Gigger
T2/T1 1.7 1 . 8 1.3 3-2 2.4 3.2
T3/T2 1.5 1.3 1 . 1 1.3 1 .6 1.9
T4/T3 1 . 1 1 . 2 2 . 0 1.3 1 . 6 1-5
T4/T1 4*3 4.3 4.4 5-8 5.6 5-6
T1 = distilled water, T2 = 0.007N CaSO^.2H20
T3 = 0.014N CaS0^.2H20 and T4 = 0.028N CaSO^.2H20.
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Relationship Between Volumes of Liquid Added and 
Quantities of Exchangeable Sodium Displaced
Results of the cumulative quantities of exchangeble Na 
( cmol(p+)/kg soil ) removed at various depths and volumes 
of leaching solutions introduced are given in Appendix 4. 
The graphs show cumulative quantities of Na removed as a 
function of sample depth after the IFPV, IPV and LFPV and 
the entire leachates have passed through each horizon. Ge­
nerally, the total quantities of exchangeable Na displaced 
from a soil increased with depth of leaching and volumes of 
solution passing through those horizons. The results also 
suggest that exchangeable Na content and CEC of a soil sig­
nificantly influenced the amounts of Na that can be displa­
ced and leached from a soil. That is, larger amount of 
exchangeable Na can be leached from soils with higher le­
vels of exchangeable Na when the soils have approximately 
equal CEC. Also larger amounts of exchangeable Na can be 
removed from soils with lower levels of exchangeable Na 
( Groom 0.8 cmol(p+)/kg ) than soil with slightly higher 
exchangeble Na ( Gilbert 1.2 cmol(p+)/kg ), if the former 
has a lower CEC than the latter.
Statistical Analysis Using Leachates Cation Activity Values
Simple regression analysis using linear models were used 
to analyze cations activities. Results of these analyses 
using Al, Ca, Na and K activities are given in Tables 36
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through 3 8 . Table 36 gives the statistical analyses result 
using cation activities in the IFPV of liquid that passed 
through each horizon. Table 37 and 38 are results of analy­
ses of cation cativities in the IFPV and LFPV of leachates, 
respectively. Sodium activity in the IFPV, IPV and LFPV 
leachates across all treatments were significantly (a=.01) 
different among the soils. The differences were largely due 
to differences in the initial exchangeable Na content of the 
soils. Generally, soils with higher exchangeable Na con­
tents release more into the leachates than those with lower 
levels of exchangeable Na. The differences in Na activity 
in leachates between the two toposequences across all treat­
ments became less pronounced as larger volumes of solution 
were passed through the soils. The differences in Na acti­
vity decreased from highly significant(a =.01) in the IFPV to 
significant(a=.05) in the IPV and LFPV. Within both topose­
quences, significant differences due to treatments were 
observed only when Na activity in distilled water leachates 
were compared with other treatments. The overall treatment 
effects were signif icant(a =. 05) in the IFPV and IPV leachates. 
That is, more Na was eluded by different strengths of CaS0^« 
21^0 solutions than by distilled water. After most of the 
exchangeable Na in the soils have been removed by the IFPV 
and IPV leaching solutions, Na activity in the subsequent 
leachates dropped to a very low level. These effects are 
reflected by the non-significant differences in the Na
Table 36. Results of analysis of variance on selected cations activity values
in leachate from the initial four pore volumes of solution added
and treatment means.
Aluminium Calcium
Source df Sum of Square F Value df Sum of Square F Value
Total 23 14.7 X 10~7 23 -45 . 3  X 10
Soils 5 2 . 3  X 10-7 0 . 8NS 5 1 . 0  X 10"^ 2 .4*
Topo 1 vs Topo 2 1 1 . 3  X 10-7 2 . 3 NS 1 0 . 3  X 10"4 3.7NS
Treatments 3 4 . 1  X 10-7 2 . 5 NS 3 - 43 . 0  X 10
* * *
1 1 . 2
vs T2, &


















1 . 0  X 10"^
- 41 . 0  X 10
1 . 0  x 10"4
, * * *
1 1 . 4
, * * *
1 1 . 4
* * *
1 1 . 5
J  - r
Error 15 8.1 X io-7 15 1 . 3  X 10
Treatment mean 0.44 X 10' mole/liter 5.57 X 10 3 mole/liter
*,  **, *** Significant at the 0 . 1 0 , 0 , 0 5  and 0 . 0 1 levels, respectively.
NS Nonsignificant.
T. = distilled water; T? = 0.007N CaS<X.2H20 solution; T, = 0.014N CaS0^.2H20 solution; 





Source df Sum of Square F Value df Sum of Square F Value
Total 23 49-7 X 1 0 " 3 23 215.5 X 1 0" 7
Soils 5 41.1 X 1 0 ~ 3 0 .2NS 5 1 6 9 . 2 X 1 0 - 7
, *** 17.4
Topo 1 vs Topo 2 1 7.9 X 1 0 “ 3 ***2 9 . 0 1 7.4 X 1 0 " 7 3.8NS
Treatments 3 4.4 X 1 0 " 3
, **5-4 3 18.6 X 1 0 ~ 7 3 .2*
T1 vs T2, T^ & 
T2 vs T^ & T^ 
T3 vs T^
Error
T4 1 8.7 X 10-3
*#*9-9 1 6.7 X 10"7 1 *3.4
















1 0 - 7
1.7NS
Treatment mean 7 8 . 6 5  X 1 0'’3 mole/liter 1. 55 X 1 0'•3 mole/liter
*, **f *** Significant at the 0.10, 0.05 and 0.01 levels, respectively.
NS Nonsignificant.
T1 = distilled water; Tp = 0.007N CaSOj,. 2Hp0 solution; T~ = 0.014N CaSO^.2H20 solution; 
= 0.028N CaS0^.2H20 Solution. J
Table 37. Results of analysis of variance on selected cations acitivity values
in leachates from the intermediate pore volumes of solution added-and
treatment means
Aluminium Calcium
Source df Sum of Square F Value df Sum of Square F Value
Total 23 4-1.9 X ID"7 23 1314-.6 X 10 -6
Soils 5 17.1 X 10~7 . *2.4 5 91.3 X 1 0 " 6
**3.7
Topo 1 vs Topo 2 1 9.0 X 10"7 **6.3 1 0 . 9  X 1 0 - 6 0.2ns
Treatments 3 3.1 X 10-7 o .7NS 3 1 6 0 . 5  X 1 0 - 6
•***77.5
T^ vs T2, T^ & 













3 8 7 .0  X i o "6






2 1 .5  X
10'7




7 4 .9  x
1 0 - 6
10"6
***72.1
Treatment mean 0.61 X 10 ^ mole/liter 8.75 X 10~^mole/liter
* t **, *** Significant at the 0.10, 0.05 and 0.01 levels, respectively.
NS Nonsignificant.
T. = distilled water; T? = 0.00?N CaSO^.2H20 solution; T„ = 0.014N CaS0^.2H20 solution; 




Source df Sum of Square F Value df Sum of Square F Value
Total 23 6.k X 1ot*H 23 1 0 . 6 X 1 0 - 6
Soils 5 3.9 X 10"3 ***8.0 5 7.6 X 10“6 12.8***
Topo 1 vs Topo 2 1 0 . 6 X 10~3 **5.8 1 0.1 X 10~6 0.5NS
Treatments 3 1.0 X 10~3 * *3-5 3 1.3 X 10"6 3.6'
T1 vs T2 ’ T3 & l 0.5 X
io * *5.0 1 0.8 X 10"6 6.8**
T2 v s  T & T, l 0 A X 10"3 k.2* 1 0.3 X 10"6 2.6NS
✓
T vs T̂ _ 1 0 . 1 X 1 0 " 3 1.3NS 1 0 . 2 X 1 0 “ 6 1.4NS
Error 15 1.5 X 1 0 " 3 15 1 . 8 X 1 0 ~ 6
Treatment mean k^.22 X 10-3 mole/liter 1.21 X lO"3 mole/liter
*, " ,  * "  Significant at the 0,10, 0,05 and 0.01 levels, respectively.
NS Nonsignificant.
T1 = distilled water; T? = 0.007N CaSO^.2H?0 solution; T„ = 0.014N CaSOj,. 2H90 solution; 
= 0.028N CaS0j^.2H20 solution. 3 * t
Table 38. Results of analysis of variance on selected cations activity values
in leachates from the last four pore volumes of solution added and
treatment means.
Aluminium Calcium
Source df Sum of Square F Value df Sum of Square F Value
Total 23 29.4 X 10-7 23 1769.2 X 10"6
Soils 5 11. 2 X 10"7 2.1NS 5 133.1 X 1 0 " 6 4.6***
Topo 1 vs Topo 2 1 5.7 X 10"7 **5.3 1 0.3 X 1 0 - 6 0.1NS
Treatments 3 1.6 X 10-7 o.iNS 3 1595.0 X 1 0 - 6
***92.3
T. vs Tp, T„ & T4 1 0.2 X 10-7 0.2NS 1 573.6 X 1 0 - 6
***99.5
T2 v s  T3 & 1 1.1 X 10-7 i .o ns 1 5 6 6 ,0 X 10'6 ***98.2

















1 0 - 6
***79.0
Treatment mean 0. 74 X 10" ^ mole/liter 1 0 .66 X 10-3 mole/liter
*** Significant at the 0.05 and 0.01 levels, respectively.
NS Nonsignificant.T = distilled water; T? = 0.007N CaS0jL.2H20 solution; T„ = 0.014N CaS0^.2H20 solution; 




Source df Sum of’ Square F Value df Sum of Square F Value
Total 23 2 2 9 1 . 0 X 1 0 " 6
1 0 " 6
***
23 1 2 3 . 9 X 1 0 - 6  
„ _6 . .**Soils 5 147.8 X 7.6 5 7.2 X 10 6 . 6
Topo 1 vs Topo 2 1 3 2 . 0 X 1 0 - 6 **8.3 1 0 . 1 X 1 0 - 6 0.5NS
Treatments 3 1 8 7 . 8 X 1 0 " 6 1 .6NS 3 2 . 6 X 1 0 " 6 **4.1
Tx vs T2, T^ & t4 1 1 0 6 . 0 X 1 0 ~ 6
2 .7NS 1 0.9 X 1 0 - 6 *4.1
Tp vs T„ & 1 71.4 X 1 0 - 6 1 .8NS 1 0.9 X 1 0 - 6 4.2*C j *+








1 0 - 6







1 0 " 6
1 0 - 6
3-8*
Treatment mean 13.78 X 10--̂ mole/liter 0.78 X 10--̂ mole/liter
*  ̂ *■*t **•»• Significant at the 0.10, 0,05 and 0.01 levels, respectively.
NS Nonsignificant,
T = distilled water; Tp = 0.007N CaSO^.2H20 solution; - 0.014N CaS0^.2H20 solution; 
tJ_ = 0.028N CaS0Zj_.2H20 solution.
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activities in the LFPV leachates across treatments applied. 
Contrast analyses showed that the Na activities in distilled 
water leachates were significantly lower than those measured 
in the CaSO^* leachates. The differences in Na activity
between these two groups of leachates decreased from highly 
significant(a = .01) lower in the IFPV leachates to signifi- 
cantly(a =.05) lower in the IPV leachates. All treatment 
combination comparisons of Na activity in the IFPV leachates 
did not show differences among the treatments. The inter­
pretation is that when sufficient volumes of liquid have 
passed through the soil, almost all the readily displaced Na 
was removed. The differences obtained were due to soil dif­
ferences rather than treatment differences. Also the results 
suggest that after sufficient volumes of liquid have passed 
through the soils, the effectiveness of higher strength 
leaching solutions are only slightly greater or equal to 
that of distilled water. There were significant differences 
in Na activity of leachates obtained from 0.007N, 0.014 and 
0.028N CaS0^» solutions when comparison were made bet­
ween the IFPV and IPV equivalent of leachates. These dif­
ference in Na activity were highly significant(« = .01) and 
significant(a = .05), respectively in IFPV and IPV leachates. 
No significant differences among Na activity in solution 
were obtained from 0.014N and 0.028N CaSO^- solution
leachates in the IFPV, IPV and LFPV leachates. The 0.014N 
and 0.028N CaSO^"2H20 leaching solutions displaced
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approximately equal amounts of Na in the IFPV, IPV and LFPV 
in each soil.
Aluminium Ion Activity
The results of analyses for A1 in the various leachates 
are included in Tables 36 through 3 8 . There were no signi­
ficant differences in the A1 activities in the IFPV of 
leachates among soils in a given toposequences or among soils 
in each toposequence although there were vast differences in 
the amounts of exchangeable A1 initially present. Aluminium 
activities in the IPV leachates were significantly different 
(a=.10) among all the soils. Even more significant diffe­
rences^ =. 0 5 ) in A1 activities were found between topo­
sequences. In the LFPV leachates, differences in A1 activi­
ties were found among soils in the Deerford-Gilbert-Gigger 
toposequence. Overall treatment effect in the IFPV, IPV 
and LFPV leachates failed to show any significant differences 
among the six soils. However, contrast analyses showed that 
there were treatment differences in the A1 activities in the 
IFPV leachates among the soils in the Deerford-Gilbert-Gigger 
toposequence. The A1 activities in the distilled water 
leachates from these soils were signif icantly(ct = . 0 5 ) lower 
compared to those in the CaSO^* PHgO solution leachates.
Calcium Ion Activity
The differences in Ca activity measured in the solution 
leachates among the soils became wider when the volumes of
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liquid passing through each soil were increased from IFPV to
IPV to LFPV. The interpretation is that with larger volumes
of liquid passing through the horizons differences in Ca 
contents became more evident since those soils that contain 
more exchangeable Ca could elude more Ca than those contain­
ing lesser amounts. At this point the amounts of Ca that 
can be eluded from a soil become dependent on the Ca content
of the soil. When the soil were grouped into toposequences,
the differences in Ca activities between toposequences 
decreased and became non-significant.
Very highly significantly(a =.01) differences in Ca acti­
vity due to treatments were measered in the leachates after 
the IFPV, IPV and LFPV of solution had passed through each 
horizon in all the soils. Regardless of the volumes of 
leaching solutions already introduced, higher Ca activities 
were measured in leachates from soils that were leached with 
stronger CaSO^-CHgO solutions than the comparable soils with 
weaker strength leaching solutions. Within a soil, the Ca 
activity continuously differed as the strength of CaSO^* 
2 ^ 0  leaching solutions was increased from zero to 0.028N. 
Appreciably larger amounts of exchangeable Ca were displaced 
from soils with a high level of exchangeable Ca and low 
level of Na than those with low Ca and high Na contents.
Potassium Ion Activity
Exchangeable K contents in the samples were small,
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ranging from 0.1 to 0.3 cmol(p+)/kg. The highly signifi­
cant differences in K activities that were observed in the 
IFPV of the leachates among the soils resulted from diffe­
rences in the exchangeable K contents of the samples. Even 
with larger volumes of liquid passing through each sample , 
the differences in K activities were significant(a =.01) among 
the soils. The differences in K activities became less when 
all the liquid had passed through each sample. The diffe, 
rences in K activities observed among soils became non-sig­
nificant in the three separate pore volumes of leachates, 
when the soils were grouped into toposequences. The overall 
treatments effects became more pronounced as the volumes of 
solution passing through each sample were increased from 
IFPV to IPV to LFPV. The treatments applied showed slight 
significant differences(a =.10) in K activities in the dis­
tilled water leachates compared to those in the CaSO^' SHgO 
solution leachates. More K was eluded by CaSO^* 2H2O solu­
tion than by distilled water as larger volumes of solution 
were passed through each sample. Generally, less K was 
displaced by 0.007N than 0.01^-N or 0.028N CaSO^’ 2H2O solu­
tions in each soil. Across all soils the 0.014N and 0.028N 
CaSO^* PHgO solutions effectively displaced approximately 
equal amounts of K.
Predicted Cation Activity Regression Equations
Selected predicted linear regression equations showing
208
the general relationship between eluded cation activity in 
each soil as a function of Ca concentration in the various 
leaching solutions are given in Appendix 5« No attempts 
were made to model non-linear responses of Na activities in 
the leachate and its relationship to Ca activities in the 
leaching solutions. Due to the large number of points to be 
plotted, the graphs in Appendix 5 were purposely drawn using 
the predicted equations to show Na desorption with increasing 
strength of CaSO^’ 21^0 in the leaching solutions.
Predicted Regression Equation for Sodium
Predicted linear equations for Na activities in the IFPV 
of leachates for each soil showed a linear relationship bet­
ween the Na activity in the leachate and Ca in the leaching 
solution. Highly significant(a =.01) linear relationships 
were obtained between Na activities in leachates and Ca acti­
vities in the leaching solution in the Bonn, Mollicy, Deer- 
ford and Gigger (Figures 44a, 45a, 48a and 49a, in Appendix 
5). A slightly weaker linear relationship^=.05)between the 
two cations activies was obtained in the Groom soil (Figure 
44b). The equations suggest that the higher the Ca activi­
ties in the leaching solutions the higher the Na activities 
detected in the leachates. In other words, larger quanti­
ties of Na can be displaced from a soil by leaching the sam­
ple with higher concentration CaSO^* solution. The
soils in each toposequence show characteristic differences
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in the amounts of exchangeable Na displaced, which is closely- 
related to the amounts of exchangeable Na initially present. 
The Bonn (6.4 cmol(p+)/kg), Groom (0.8 cmol(p*)/kg) and Mol- 
licy (0.2 cmol(p+)/kg) soils, had exchangeable Na displaced
at about 5.0, 1.1 and 1.1 mole/liter of Na per mole increase 
in Ca activity in the leaching solution respectively
in the IFPV (Y^) leachates (Appendix 5) • Displacement at
approximately 2 .3 , 0.6 and 0.6 mole/liter of Na per mole 
increase in Ca activity in leaching solutions were obtained 
in the Deerford (2.? cmol(p+)/kg), Gilbert (1.2 cmol(p+)/kg 
and Gigger (0.5 cmol( p+)/kg) , respectively in the IFPV 
(Figures 48a, 48b and 49a, Appendix 5)•
Predicted Regression Equation for Aluminium
There was a significant negative linear relationship
between Ca activity in the initial leaching solution and A1 
activity in the leachates in the Bonn, Deerford and Mollicy 
soils. The overall predicted linear equation suggest that 
smaller quantities of exchangeable A1 are displaced as the 
strength of CaSO^- 2H20 leaching solutions were increased 
The negative relationship between exchangeable A1 and Ca is 
the result of several factors affecting the A1 chemical pro­
perties in the soil solution besides the ion selectivity and
dilution effects on A1 compounds. The Al^ ion is the predo-
+
minant A1 species in solution below pH 4.?, A1(0H) 2 between 
4.7-6.5 and A1(0H)° between pH 6 .5-8.0. However, A1(0H)°
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precipates throughout the range of pH from 4.7 - 10.0, with 
maximum precipitation at pH 7.5* when the solubility product 
is exceeded (Bohn, et al., 1979)- The effect of raising the 
pH on the precipitated Al as A1(0H)^ and subsequent polyme­
rization of Al hydroxy cmopounds have been reported by seve­
ral researchers(Bersillon, et al., I9 8O; Bach and Sharp, 1976; 
Miller, I9 8 O). As such the reduction in the quantities of 
exchangeable Al displaced when the strength of CaSO^* 2HgO 
solution was increased may be due to the precipitation of 
Al-hydroxy compounds and subsequent adsorption onto soil 
colloids (Dutt, 1964; Kotze and Diest, 1975)» since each of 
the soils show an overall increase in pH with depth.
Furthermore, Aylmore et al., (196 6 ) found that psuedo- 
boehmite and bayerite( Al(OH)^), adsorbed S0^ with concurrent 
release of OH ion which may raise the pH of the soil solution. 
Larger amounts of OH ion were released as the concentration 
of S0^ in the solution increased. Rajan (1 9 8 0) working with 
synthetic and natural allophane found that the amounts of 
SO^ adsorbed was directly related to the amounts of OH 
released from the adsorbents. The auther suggests that SO^ 
is adsorbed with the displacement of two HgO groups, two OH 
groups oroneH 2 group and an OH group with the formation of 
a ring structure. On neutral or negative surfaces, S0^, is 
adsorbed as a monodentate ligand, with the displacement of 
one HgO or an OH group. Each of the mechanisms described 
resulted in the release of an OH which raises the solution pH
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and subsequently reduces the Al activity by promoting the 
formation of A1(0H)° compounds, or the Al released via ex­
change reaction polymerized with S0^(Reeve and Summer, 1970) 
from the CaSO^’BHgO, converting it into non-exchangeable 
forms which accounts for the small amount of Al released 
during the leaching process. If this is the case, leaching 
soil with higher concentration of CaSO^^HgO solution will 
result in increased Al retention. This is a desirable ef­
fect so long as there are no excessive Al accumulation 
since Al promotes flocculation and aggregation.
Predicted Regression Equation for Calcium
The Bonn, Groom and Mollicy soils which contain 3.6,
0.88 and O . 3 9 cmol(p+)/kg of exchangeable Ca, respectively, 
released very small amounts of Ca the strength of CaSO^. 
H^O solution added through leaching solution was increased 
(Appendix 5)• There was no significant differences in the 
slopes of the predicted equations of Ca released as a func­
tion of Ca in the leaching solutions. The equations suggest 
that a large portion of the Ca was readsorbed by the 
soil through exchange reactions leaving small amounts of Ca 
in the leachate. The Bonn, Groom, Mollicy, Gilbert and Gig- 
ger soils, respectively, have 0 .3 , 1 .0 , 0.4, 0 . 6  and 0 . 2  
mole/liter of Ca activity in leachate per mole increase Ca 
Ca activity in the leaching solutions( Figures 45b, 46a, 46b, 
50a and 50b, Appendix 5)• The most logical explanation is
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that the Bonn contained the most exchangeable Na followed 
by Groom and then Mollicy soils, larger quantities of ad­
ded Ca are adsorbed during the exchange reactions and 
less left in the solution to be leached out. The Groom 
and Mollicy soils which contained lesser amounts of ex­
changeable Na did not utilize all the added Ca leaving 
more in the solution to leach out.
SUMMARY AND CONCLUSIONS 
These investigations were designed to study associated 
soils that occur in toposequences that include soils with 
natric horizons, soils with high levels of exchangeable Na 
but at too great a depth to qualify for natric horizon, and 
soils lacking high levels of exchangeable Na throughout the 
solum. Six soils representing two toposequences were 
included in this study. The Bonn, Groom and Mollicy soils 
were sample in Morehouse Parish and the Deerford, Gilbert 
and Gigger soils in Franklin Parish, Louisiana. Studies 
were conducted on each of the three soils in the 
toposequences to (1) determine field morphology and 
soil-landscape-parent material relationships, (2) determine 
physical, chemical and mineralogical characteristics, (3) 
evaluate the soil itself as a possible source of the high 
levels of exchangeable Na, (4) determine chemical 
characteristics of soil solutions by different techniques, 
and (5) evaluate the potential of different leaching 
solutions for displacing Na and other selected cations from 
the soils.
Soil-Landscape-Parent Material Relationships
These soils have developed in two different types and 
ages of parent materials. They occupy Late Pleistocene or 
Early Holocene age surfaces that range from less than 10,000 
to possibly 90,000 years (Saucier, 1974; Miller, 1982). The 
Bonn, Groom and Mollicy soils have developed in a Late
21 3
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Pleistocene age alluvial terrace of the ouachita River. The 
Mollicy soil is a fine loamy, siliceous, thermic Aquic Haplu- 
dult. It is the best drained of the soils sampled in More­
house Parish and occupies a slightly higher position where 
the alluvial deposits grade with depth to sandy strata that 
lacks high levels of exchangeable Na. The Groom is a fine- 
silty, siliceous, thermic Aerie Ochraqualf and the Bonn soil 
is a fine-silty mixed thermic Glossic Natraqualf. Both the 
Groom and Bonn soils occupy flat or slightly depressional 
areas where the alluvial deposits grade with depth to more 
clayey strata. The Bonn soil normally occupies the lowest 
position in the landscape and is the more poorly drained soils.
The Deerford, Gilbert and Gigger soils have developed 
in the Late Pleistocene loess deposits less than 2 m thick 
overlying a sandy braided stream deposit (Miller, 1977; 
Martin et al. , 1981). The Gigger soil is a fine-silty, mi­
xed, thermic Typic Fragiudalf and is somewhat poorly drain­
ed. The Gigger soil lacks high levels of exchangeable Na, 
occupies higher position in the landscape than either Deer­
ford or Gilbert and developed in areas where the loess di­
rectly overlies the loamy braided stream deposits. The 
poorly drained gilbert is a fine-silty, mixed, 
thermic Typic Glossaqualf. The somewhat poorly drained 
Deerford soil is a fine-silty, mixed thermic Albic 
Glossic Natraqualf. Both the Deerford and Gilbert soils 
contain high levels of exchangeable Na and have 
developed in areas where the more clayey alluvial material
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lies between the loess above and the loamy braided stream 
deposits below. The Gilbert soils typically developed in 
areas where the loess mantle was thicker above the clayey 
alluvial deposit than the areas where the Deerford soil 
developed. The depth to high levels of exchangeable Na is 
also greater in the Gilbert than the Deerford soil.
In both toposequences soils with high levels of 
exchangeable Na typically occupy the lowest position in the 
landscape. Within each toposequence, soils with high 
exchangeable Na contents typically have more clayey material 
underlying or sandwiched between the lower solum and the 
underlying more sandy deposits in these soils. The most 
common soil structures observed are prismatic and subangular 
blocky. The most clayey soil texture found in the lower 
part of the sola is silty clay loam. The strongest 
structure expression are typically found in the B horizon. 
Structurally, there were no indications of the presence of 
high levels of exchangeable Na in any of these soils, 
although prismatic structures are associated with soil with 
high level of exchangeable Na (Soil Survey Staff, 1975).
Soil Chemical Properties
The Bonn, Groom and Mollicy soils in the order named 
have decreasing exchangeable Na contents. Similarly, the 
Deerford, Gilbert and Gigger soils have decreasing 
exchangeable Na contents in the order named.
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The Deerford and Bonn soils contain sufficiently high 
levels of exchangeable Na (>15%) at the appropriate depths 
to be classified as natraqualf s. However, only the Bonn 
soil has SSPE and EC that qualify as saline alkali while the 
Deerford is a non-saline-alkali soils. The Gilbert and 
Groom soils also have high levels of exchangeable Na (>15%) , 
but at depths too great to qualify as natric horizons. They 
also lack the necessary high EC value in the SSPE to be 
saline. Both the Gigger and Mollicy soils lack high levels 
of exchangeable Na and salt contents throughout the sola. 
The depth to high levels of exchangeable Na in both the 
Groom and Gilbert soils is 102 cm. The smallest amounts of 
exchangeable Na measured in the surface horizons are found 
in the Bonn and Deerford soils. Generally, in each of the 
soils the exchangeable Na contents increase with depth. 
Exchangeable Magnesium
The exchangeable Mg levels are relatively higher than 
Na and the profile distribution trends are more consistent 
in the Deerford-Gilbert-Gigger toposequence than in 
the Bonn-Groom-Mollicy toposequence. The exchangeable
Mg profile distribution trends were similar among the sola 
of the Deerford, Gilbert and Gigger soils. Typically, 
minimum amounts of exchangeable Mg are found in the surface 
horizons of these soils. The amounts present are greatest 
in Deerford, intermediate in Gilbert and least in the Gigger 
soil. In the Bonn, Groom and Mollicy soils, the amounts of 
exchangeable Mg decrease in the order named.
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E x c h a n g e a b l e  C a l c i u m
The amounts and profile distribution of exchangeable Ca 
differ appreciable among soils within each toposequence and 
between analogous soil pairs between both toposequences. 
Results showed that among the six soils studied, the 
Deerford, Gilbert and Gigger soils have the highest levels 
of exchangeable Ca. The amounts of exchangeable Ca in the 
Deerford-Gilbert-Gigger toposequence decrease in the order 
Gilbert, Deerford, and Gigger and in the order Bonn, Groom 
and Mollicy in the other toposequence. The profile distri­
bution of exchangeable Ca is erratic in the subsoils, 
although the greatest amounts are present in the lower sola.
Exchangeable Potassium
The amounts of exchangeable K are invariably low 
throughout all the soils. Although, the amounts present are 
small, the exchangeable K levels are greater overall in the 
Deerford-Gilbert-Gigger toposequence than in the Bonn- 
Groom-Mollicy toposequence. More than one-half of the 
soil horizons in the Deerford-Gilbert-Gigger toposequence 
have more than 0.1 mol(p+)/kg exchangeable K, whereas less 
than one-fourth of the horizons in the Bonn-Groom-Mollicy 
toposequence exceed . this amount.
The results show that the soils inherit exchangeable 
Ca, Mg, K and Na from weatherable minerals containing these 
elements in the soils. Micaceous clay and K-feldspars were 
found to be the major sources of K. Plagioclase feldspars
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(albite(Na) through anorthite(Ca)) and secondary CaCO^ con- 
ceretions are among the possible sources of Ca and Na. Less 
intense weathering conditions and secondary enrichment with 
Ca, Mg and Na from better drained soils in higher landscape 
positions are believed to be responsible for the higher Ca, 
Mg and Na concentrations found in the lower lying and more 
poorly drained soils. Preferential retention of K by soils 
compared to other cations are considered responsible for the 
uniform amounts of K observed in soils from both 
toposequences. Using exchangeable (Ca + Mg)/Na ratios as a 
criterion (Mehta et al., I9 8 3 ) , the Deerford and Gilbert 
soils are more highly weathered than their counterparts the 
Bonn and Groom soils. The Mollicy soil is more highly 
weathered than Gigger and it is also the most highly 
weathered of the six soils. Based on the exchangeable 
cation distribution in the soil profile and landscape 
relationship, Mg-solonetz is not likely to form because of 
the anticipated secondary enrichment of soils in the lower 
position.
Exchangeable Acidity
The exchangeable H levels measured in the six soil 
studied are low (0.1 to 1.0 cmol(p+)/kg ) throughout the 
sola. No profile trends consistent for all soils are 
evident from the data. The profile distribution of 
exchangeable Al is consistent among soils where measurable 
amounts are present. There are number of chemical
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characteristics that make these soils different from most 
other soils with high levels of exchangeable Na. The Groom 
and Gilbert soils have horizons in the upper solum with 
potentially phytotoxic levels of exchangeable Al and 
phytotoxic levels of exchangeable Na in the lower sola. 
Analyses of results suggest that major increases in 
exchangeable cations with depth are either approximately 
parallel or follow the order of Na, Mg and Ca rather than 
the theoretical order of Ca, Mg and Na.
Saturated Soil Paste Extracts and Equilibrated Soil 
Suspensions
There are strong relationships between levels of Na
measured in the ESS and those measured in SSPE, especially 
in soils with intermediate and high levels of exchangeable 
Na. The correlation coefficients between the amounts of Na 
in ESS and SSPE in the Bonn and Groom, and Deerford and 
Gilbert soils are r = .9? and r = . 9^> respectively. The Na 
to Ca ratios in the ESS were found to be narrower than in 
the SSPE in the Deerford, Gilbert and Gigger soils but wider 
in the Bonn, Groom and Mollicy soils. The results also
indicate that the soil to water ratio used in preparation of
solution extracts has a definite effect on the Na to Ca
ratios in the resultant extract. This is especially true in 




Identical suite of minerals were identified in the 
clay-size fractions of each of the six soils. Kaolinite, 
soil-formed vermiculite, smectite and micaceous clay 
together with interlayered and or interstratified components 
of the 2 to 1 layer lattice minerals are the phyllosilicates 
identified. Quartz, alkali feldspar, and plagioclase
feldspars are the non-phyllosilicate components identified.
Kaolinite
Kaolinite is the most abundant mineral identified in 
the upper sola and the amounts generally decrease with 
increasing depths. Kaolinite also shows varying degree of 
inverse relationship with smectite in each of the soils in 
both toposequences. It is typically most abundant in the 
most highly weathered horizon in the least weathered soil or 
in the upper horizons of the soils. Within each 
toposequence, the depths to marked decrease in relative 
amounts of kaolinite increased with improved internal
drainage. The amounts of kaolinite identified also 
decreased markedly through the depths where high levels of 
exchangeable Na are found in the soil. The amounts present 
in the upper sola were greater in the Bonn-Groom-Mollicy 
toposequence than in the Deerford-Gilbert-Gigger topo­
sequence .
Smectite
Smectite clays are present in each of the six soils.
T h e y  a r e  m o s t  a b u n d a n t  i n  a n d  b e l o w  t h e  l o w e r  s o l u m  i n  a l l
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the soils. The predominance of kaolinite over smectite in 
the 2BC horizon at 193-229 cm in the Mollicy soil is 
believed to be due to difference in original parent material 
composition in the stratified alluvial deposits. Within 
each toposequence the depths at which smectite became the 
predominant mineral component increases in the order Deer- 
ford, Gilbert and Gigger, and Bonn, Groom and Mollicy for 
the respective toposequences. The depth to high levels of 
exchangeable Na also increases in the same order. The 
depth beyond which smectite is the predominant mineral 
identified also increase with increase in internal drainage.
Micaceous Clay Minerals
Micaceous clays were identified in all the soils studied 
and they are the least abundant of the phyllosilicate 
present in all the horizons from the Bonn-Groom-Mollicy 
toposequence. The amounts present decrease overall with 
depth to non-detectable levels at depths somewhere between 
84 and 157 cm. Slightly larger amounts were present in the 
Deerford, Gilbert and Gigger than the Bonn, Groom and 
Mollicy soils.
Soil Vermiculite
Soil vermiculite is not the predominant mineral 
component in any horizon from any of the -soils. The 
relative amounts of soil vermiculite are greater in the 
Bonn-Groom-Mollicy toposequence than in the Deerford- 
Gilbert-Gigger toposequence. The mineral has similar
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profile distribution trends in both toposequences in which 
the relative amounts decrease with depth in all soils in 
both toposequences. However, the depth to which soil 
vermiculite was identified was greater in the Bonn-Groom- 
Mollicy than the Deerford-Gilbert-Gigger toposequences. 
Non-phyllosilicate Minerals
Only small amounts of three non-phyllosilicates 
minerals, quartz, alkali feldspar and plagioclase feldspars 
were identified in the clay-size fraction from all horizons 
of each soil.
Quartz
Quartz is present in much larger amounts than feldspars 
in all the soil horizons. The amounts identified usually 
decrease with depth in each soil. The accumulation of 
quartz were attributed to the loss of easily or readily 
weathered minerals containing silica. Decreasing intensity 
of both physical and chemical weathering of minerals other 
than clay-size quartz are believed to be responsible for 
lower quartz contents in the clay-size fractions in the 
lower part of the solum.
Feldspar Minerals
Only trace amounts of K-feldspars and Na, Ca feldspars 
were identified in all horizin in each soil. potassium 
feldspars were found in larger quantities than the more 
weatherable Na, Ca feldspars in all the clay-size fractions. 
Sequential Leaching Experiment
The experiment design was such that a volume of
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leaching solution equal in weight to two times the weight of 
the total soil profile depth to be leached was introduced in 
the surface horizons. Aliquots of the solution passing 
through the horizon were sampled and analyzed before the 
remaining solution was introduced into the next underlying 
horizons. The sequential leaching process was repeated for 
each subsequent horizon to a depth of 1.5m. The 
exchangeable Na and Al distribution profiles in each soil go 
from an overall net loss in the upper solum, through a zone 
of zero net change at some distance below the surface and 
finally a net gain in the lower solum. Only small amounts 
of exchangeable Na and Al came through the soil in the final 
solution leachates. The relative amounts of exchangeable 
Na, Ca and Al removed in the final leachates increased in 
the order Al, Ca and Na. Both adsorption and desorption
processes took place during sequential leaching.
The losses in exchangeable Na and Al and gains in
exchangeable Ca increased with the CaSO^^f^O concentration 
leaching solutions used.
Distilled V7ater Leaching Solution 
Exchangeable Sodium
In each soil irrespective of cation considered, 
leaching the soils with distilled water resulted in a net 
loss of the cation involved. Compared to CaSO^.21^0
solutions, distilled water is the least effective in 
displacing exchangeable Na, Ca and Al from the soil
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colloids. The quantities of exchangeable Na removed from 
soils with high levels of exchangeable Na were larger than 
the amounts displaced by CaSO^. 211̂ 0 solutions from soils 
with considerably lower levels of exchangeable Na.
Exchangeable Calcium
Very small amounts of exchangeable Ca were removed by 
distilled water even from soils with high levels of 
exchangeable Ca.
Exchangeable Aluminum
Only trace amounts of Al were removed by distilled 
water from each of the soils although the amounts removed 
were larger in soils with high levels of exchangeable Al. 
The depths to which Al was effectively removed were much 
shallower compared to depths of removal of exchangeable Na 
and Ca in the same soils. The results demonstrate that 
distilled water only removes the water soluble cations in 
the soils that have dissociated in water upon wetting.
Calcium Sulfate Leaching Solutions 
Exchangeable Sodium
Each of the leaching solutions employed decreased the 
amounts of exchangeable Na in horizons to a depth of 
approximately 100 cm in each soil. The amounts of 
exchangeable Na displaced and the depth to which 
exchangeable Na level were substantially reduced by the 
different solutions increased in the order 0.00N, 0.007N,
0.014N and 0 .028N, CaSC>4.2H20.
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Exchangeable Na displaced (Table 18 through 23) shows 
that large amounts of exchangeable Na were removed from the 
upper part of the solum as the volumes and strength of 
CaSO^^f^O solutions passing through the regions were 
increased. In each toposequence, larger amounts of Na were 
displaced from soils with high levels of exchangeable Na and 
the relative amounts displaced increased in the order 
Mollicy, Groom and Bonn in that toposequence, and Gigger, 
Gilbert, and Deerford in the other toposequence.
Exchangeable Calcium
Tables 26 through 31 show that the same set of 
CaSO^^I^O leaching solutions when leached through each of 
the soils, left behind large quantities of Ca in each of the 
horizons throughout the depth of leaching. Generally, the 
soil gained large quantities of the added Ca in the upper 
part of the solum. Overall, the magnitudes of gains in 
exchangeable Ca decreased with depths.
Exchangeable Aluminum
Calcium sulfate solutions were only effective in 
displacing exchangeable Al to a shallow depth in each soil. 
The displaced exchangeable Al was redistributed in the 
remainder of the solum as the exchange front advanced.
The results showing exchangeable Na (Tables 18 through 
23) , Ca (Tables 26 through 31) and Al (Tables 32 through 
34), displaced illustrate that each of these exchangeable 
cations exhibit characteristically different profile 
distribution patterns with respect to depths and amounts
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displaced by the various leaching solutions. In none of the 
soils did the sum of gains or losses in exchangeable Na and 
Al exceed the CEC in that horizon. Only in the surface 
horizons of the Bonn, Groom and Gigger soils did gains in 
exchangeable Ca exceeded the CEC of the horizon. These 
surface horizons contain the highest levels of organic 
matter of any of the soils. The volumes of liquid retained 
by each sample significantly affected the amounts of cations 
displaced or adsorbed by that horizons. Samples that 
retained larger volumes of liquid tend to reduce the amounts 
of Na and Al displaced, but increased the amounts of added 
Ca adsorbed.
Leaching the soils with various strength of CaSO^.2K„0 
solutions successfully translocated exchangeable Na from the 
upper two-thirds to the remainder of the solum. It is clear 
from the results that any attempt to reclaim these soils by 
leaching is fruitless unless some means of removing the 
displaced Na and other salts from the soil is incorporated 
in the reclamation scheme.
Possibly, some type of underground tile drains placed 
at depths where exchangeable Na begins to be readsorbed or 
other depths in areas where the water table has been 
successfully lowered and maintained at some acceptable 
depth. It is also important to know the minimum volumes of 
water required to reduce the salt content to some tolerable 
level and to some acceptable depth.
227
Multiple Variables Comparisons
Multiple comparisons between Na activity, sample depth, 
EC and treatments showed concurrent increase with depth and 
EC for a particular soil profile, and EC and increasing 
CaSO^*2H20 concentration of treatment for a particular 
horizon in a soil. Higher concentration CaSO^.2H2O leaching 
solutions produced leachates with high EC and Na activity or 
concentration, especially from soils with high initial Na 
contents. Several fold increases in Na activity of 
leachates were observed when the Ca concentration in the 
leaching solutions were increased from zero (distilled 
water) to 0.028N CaS0^.2H20. Generally, the quantities of 
Na displaced increased positively with volumes and strength
of leaching solution introduced and depths of wetting.
Regardless of treatments, the quantities of Na displaced 
were greatest for the IFPV of liquid passing through each 
horizon. The quantities of Na displaced by the IPV solution 
are not highly dependent on Ca concentration in the initial 
leaching solutions. The results illustrate that when 
prepared soil samples were used, the initial soil conditions 
and initial wetting of soils have more profound effects on
the amount of Na displaced than the absolute volumes of
liquid passing through them. The results show that 
subsequent increases in volumes of liquid introduced eluded 
lesser amounts of exchangeable cation than the previous 
volumes. The exchangeable Na contents and soil CEC
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significantly influence the amounts of exchangeable Na that 
can be displaced and leached from a soil. More exchangeable 
Na will be displaced from soils with small CEC and high 
exchangeable Na than from those with comparable exchangeable 
Na contents but larger CEC.
Statistical Analysis
Initial differences in cation content among soils and 
between toposequences were significantly different when data 
were statistically analyzed. Soils with large initial 
cation contents were found to elude more of the cations and 
showed significant differences from associated soils. 
Frequently, significant differences observed in the IFPV 
leachates dissappeared when large volumes of leaching 
solutions were introduced.
Exchangeable Aluminum
There were no significant differences in Al activities 
in the IFPV leachates among soils and between toposequences. 
The data show that differences are greater and significant 
when larger volumes of solution have passed through each 
soil. Differences due to treatments are not significant in 
the IPV leachates. The only significant differences in Al 
activities observed are in the distilled water leachates 
when compared with results from CaSO^^H^O solution 
leachates.
Exchangeable Calcium
Significant differences in Ca activities were observed
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in each of the three separate sequential leachings from each 
treatment in all horizons and for all treatments. More Ca 
was eluded into leachate by higher strength CaSC>4'2H20 
solutions than by those of lower strength. Larger amounts
of Ca remained unadsorbed after passing through soils with
high levels of exchangeable Ca and low Na than those with
low Ca and high Na.
Exchangeable Potassium
Significantly higher K activities were measured in the 
IFPV leachates than other pore volumes of leachate. There 
were no significant differences in K activities in solution 
leachates between toposequences and among soils.
Predicted Regression Equations
Exchangeable Sodium
Significant linear relationships were obtained between 
Na activity in leachates and Ca activity in leaching 
solutions from all soils except the Gilbert. The regression 
equations predicted more Na displaced by leaching samples 
with higher strength CaS04.2H20 solutions. Displacement at 
approximately 2.0, 0.6 and 0.6 mole/liter of Na per mole
increase in Ca activity in leaching solutions were found in 
the Deerford, Gilbert and Gigger Soils, respectively. In 
the Bonn, Groom and Mollicy soils, about 5.0, 1.1 and 1.1
mole/liter of Na activities were displaced per mole increase 
in Ca activity in leaching solutions.
E x c h a n g e a b l e  A l u m i n u m
Analyses of results showed that smaller amounts of Al 
were displaced as the strength of CaSO^^H^O solutions were 
increased. The amounts of aluminum displaced showed a ne­
gative relationship with leaching solution strength. 
Exchangeable Potassium
Potassium activity in leachates showed a weak relation­
ship with strength of CaSO^*SHgO in leaching solutions. 
General conclusions
Several important conclusions that can be made on the 
basis of this study are summarized as below:
1. A number of soils with high levels of exchangeable Na 
in Louisiana have developed in relatively flat surface 
(<2% slope) loess and terrace deposits.
2. Some soils with high levels of exchangeable Na may 
also contain high levels of exchangeable Al.
3* Soils of different age and weatherable mineral
composition can have similar mineral suites the
Clay -size fractions. However, the relative amounts
and profile distributions of the various minerals 
differ . These differences- are attributes to the 
differences in parent materials, intensity of 
weathering, degree of internal drainage and levels 
of exchangeable bases.
4. Soils with high levels of exchangeable Na show strong
correlation between amounts of Na extracted in the SSPE 
and ESS.
The amounts of exchangeable Na that can be displaced by 
the various C a S O ^ ^ ^ O  solutions of different 
concentrations are related to the initial content of 
exchangeable Na in the soils.
Sample mineralogy and exchangeable quantity of an 
element together with CEC determine the ultimate 
quantities of the particular element displaced when 
leached with finite volumes of liquid.
Much of the added Ca in leaching solutions is adsorbed 
by the soil throughout the depth of leaching.
Generally, as the CaS0^.2H20 concentration in the 
leaching solution is increased the amount of exchange­
able Al is decreased.
Initial wetting with the IFPV of solution removes the 
largest amounts of Na and other cations from the soils. 
The amounts of exchangeable Na displaced from the soils 
increase as the strength of CaS0^.2H20 solutions 
increase.
Distilled water can within limits, remove exchangeable 
Na from soils, but is less effective than CaS0^.2K20 
solutions.
Desorption and adsorption reactions can occur during 
leaching processes such that cations displaced in the 
upper part of the solum can eventually be redistributed 
into the lower part of the soil when a finite volume 
of leaching solutions are used.
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Suggestion for Further Research
Leaching the soils sequentially with 150 ml of CaSO^*- 
2H20 in the laboratory successfully translocated exchange­
able cations especially Na to a depth of approximately 
100 cm. However, environmental factors and the chemical and 
physical properties of soils that influence the salt 
movement and soil leachability have not been well 
delineated. Special consideration should be given to 
methods of applying CaS0^.2H20 to the soil, minimum volumes 
of water required to reduce the salt content to some 
tolerable level at sufficient depth and hydraulic 
conductivity of the soil so that results obtained in the 
laboratory can be translated to decide if a given 
reclamation program can be successfully implimented in the 
field in Lousiana.
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Profile 1: Bonn silt loam; less than 2 percent slope.
Classification: Glossic Natraqualf; fine silty, mixed,
thermic.
Location: Morehouse Parish, Louisiana; 5 miles
northwest of Bastrop, Louisiana. North of 
center of canal calvert, west of center of 
graval road in SW^, NE%, Section 33, T. 22N, 
R5E.
Parent Material: Pleistocene age alluvial deposit in
depressional areas overlying more clayey 
alluvial deposits.
Soil Drainage: very poorly drained, slow permeability.
Described by: B. J. Miller, E. F. Reynolds, E. T. Allen, L.
Trahan and W. Day.
Pedon Description:
A 0-10 cm; Dark grayish brown (10YR 4/2) silt
loam; few fine distinct strong brown (7.5YR 
5/6) streaks around root channels; weak 
medium subangular blocky structure-: friable
common fine and very fine roots; abrupt 
smooth boundary.
E 10-38 cm; Grayish brown (10YR 5/2) Silt
loam; weak coarse subangular blocky 
structure; friable; common fine and very fine 
roots. Clear irregular boundary.
Btl 38-71 cm; Gray (10YR 5/2) silt loam; few
medium distinct strong brown (7.5 YR 5/6) 
mottles; weak medium subangular blocky 
structure; friable; few thin patchy clay 
films; about 40% tongues of E, 5-18 cm. wide 
extending through this horizon. Tongues have 
clay bands 1-5 mm thick around them. Clear 
irregular boundary.
Bt2 71-102 cm; Dark grayish brown (10YR 4/2)
silty clay loam; common medium distinct 
strong brown (7.5YR 5/6) mottles; weak coarse 
to weak medium subangular blocky structure; 
firm. Few very fine and fine roots, few very 
fine pores; few brown concretions, thin al­
most continuous clay films; pockets of E ma­
terial extending to 89 cm, gradual smooth 
boundary.
249
Bt3 102-142 cm. Light brownish gray (10YR 6/2)
silty clay loam; common medium distinct 
yellowish brown and fine distinct dark 
yellowish brown (10YR 4/4) mottles; weak
medium subangular blocky structure; friable; 
few very fine pores, few thin patchy clay 
films; few to common CaSO. (gypsum) crystals. 
Gradual wavy boundary.
BC1 142-178 cm; Light brownish gray (10YR 6/2)
silty clay loam; common medium distinct strong 
brown (7-5YR 5/6); few fine distinct dark
yellowish brown (10YR 4/4) mottles; moderate 
medium subangular blocky structure; firm; 
few very fine roots; few fine black and brown 
concretions; few very fine pores; few caSO^ 
(gypsum) crystals; few small CaCO^ (calcium 
carbonate) concretions (up to lcm); black 
stains on faces of peds; gradual wavy 
boundary.
BC2 178-208 cm; Light brownish gray (10YR 6/2)
silty clay loam; common medium distinct 
yellowish brown (10YR 5/6) and few fine
distinct dark yellowish brown (10YR 4/4)
mottles, moderate angular blocky parting to 
moderate medium subangular blocky structure; 
few to common CaCO^ (calcium carbonate)
concretions; pressure faces on angular peds; 
black stains on faces of peds.
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Profile 2: Groom silt loam; 0-1 percent slope.
Classification: Aerie ochraqualf; fine silty, siliceous,
thermic.
Location: Morehouse Parish, Louisiana, about 8 miles NW
of Bastrop, 7 miles east of main power line, 
45 feet south of Georgia Pacific railroad, in 
NE*5, NE%, of section 29, T.22N, R.5E.
Parent Material: Silty stream terrace on Pleistocene age
alluvial deposit of the Ouichita River.
Soil Drainage: Poorly drained, moderately slow
permeability.
Described by: B. J. Miller, E. F. Reynolds, and E. T.
Allen.
Pedon Description:
A 0-8 cm; Dark grayish brown (10YR 4/2) , silt
loam, weak fine granular structure; friable, 
common very fine and fine roots, strongly 
acid (pH 5.2), abrupt smooth boundary.
BAg 8-30 cm; Grayish brown (10YR 5/2), silt loam;
common medium distinct dark yellowish brown
(10YR 4/4) mottles, weak coarse prismatic
structure parting to weak medium subangular 
block structure, slightly sticky. Few fine 
and medium roots, common fine pores, very 
strongly acid (pH 4.5), gradual wavy 
boundary.
Btgl 30-58 cm. Grayish brown (10YR 5/2) , silty
clay loam; many coarse distinct dark brown 
(7-5YR 4/4) and dark yellowish brown (10YR 
4/4) mottles, weak medium subangular blocky 
structure; plastic; few fine and very fine 
roots, thin patchy clay films on faces of 
peds, few medium brown iron-manganese 
concretions, extremely acid (pH 4.3), gradual 
wavy boundary.
Bt 58-102 cm; yellowish brown (10YR 5/6), silty
clay loam, many coarse distinct grayish brown
(10YR 5/2) mottles; weak medium subangular
blocky structure, plastic, few fine and very 
fine roots, thin patchy clay films on faces 







102-127 cm; same as above split for sampling
127-152 cm; grayish brown (10YR 5/2), silty 
clay loam, many coarse distinct dark 
yellowish brown (10YR 4/4) mottles; weak
coarse prismatic parting to weak medium 
subangular blocky structure; firm, few 
fine and very fine roots, thin patchy clay 
films on faces of peds, few fine 
black-concretions, very strongly acid (pH 
4.7); gradual wavy boundary.
152-183 cm; gray (10YR 6/1) silty clay loam; 
many coarse distinct yellowish brown (10YR 
5/6) mottles, weak coarse subangular blocky 
structure, firm, few fine roots, few thin 
patchy clay films, few black stains on faces 
of peds; strongly acid (pH 5.2), gradual 
wavy boundary.
183-229 cm. Gray (10YR 6/1), silty clay;
many coarse distinct yellowish brown mottles, 
weak coarse prismatic parting to weak 
medium subangular blocky structure;
firm, few very fine roots; common black 
stains; slightly acid (pH 6.4)
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P r o f i l e  3 :  M o l l i c y  f i n e  l o a m y ,  0 t o  3 p e r c e n t  s l o p e
Classification: Aquic Hapludult; fine loamy, siliceous,
thermic
Location: Morehouse Parish, Louisiana, 8 miles NW of
Bastrop, 55 feet north of field road, 550 
feet east of S.W. corner in SW%, S V I h, section 
23, T.22N, R.4E.
Parent material: Pleistocene age terrace of the Ouachita
River overlying sandy deposit.
Soil Drainage: Somewhat poorly drained, moderately slowly
permeable.
Described by: B. J. Miller, E. F. Reynolds, and E. T. Allen
Pedon Description:
Ap 0 - 1 3  cm, brown (10YR 5/3) silt loam; few
fine distinct grayish brown (10YR 5/2) and 
few fine distinct yellowish brown (10YR 5/6) 
mottles; platy parting to weak medium 
subangular blocky structure; friable; few 
fine to coarse roots; very strongly acid, 
abrupt smooth boundary.
Btl 13-36cm, yellowish brown (10YR 5/6 and 5/4)
silty clay loam; common fine distinct grayish 
brown (10YR 5/2) and few medium prominent red 
(2.5YR 4/6) mottles; moderate medium
subangular blocky structure; friable, few 
fine to coarse roots; thin patchy clay films; 
common very fine pores; few soft black 
masses; very strongly acid, clear irregular 
boundary.
Bt2 36-66cm; grayish brown (10YR 5/2) silty clay
loam; common medium prominent red (2.5YR 4/6) 
and common medium distinct yellowish brown 
(10YR 5/6); moderate medium subangular blocky 
structures; friable; few fine roots; common 
fine pores; thin almost continuous clay 
films; few coarse black masses; very strongly 
acid, clear wavy boundary.
Bt3 66-86 cm; yellowish brown (10YR 5/4) clay
loam; many medium prominent red (2.5YR 4/6) 
and many medium distinct gray (10YR 6/1)






firm, common fine pores; thin almost
continuous clay films; common black masses; 
very strongly acid; gradual wavy boundary.
86-117cm; yellowish brown (10YR 5/6) and red 
(2.5YR 4/6) sandy clay loam; common medium 
distinct gray (10YR 6/1) mottles; moderate 
medium subangular blocky structure; firm, few 
fine pores; thick almost continuous clay 
films; very strongly acid, gradual wavy 
boundary,
117-157 cm; strong brown (7-5YR 5/6) fine
sandy loam; common coarse distinct gray (10YR 
5/1) and common medium distinct yellowish red 
(5YR 4/6) mottles; weak coarse subangular 
blocky structure; firm, thin continuous clay 
films; very strongly acid; gradual wavy 
boundary.
157-193cm; brown (7.5YR 5/4) fine sandy loam; 
common medium and coarse distinct gray (10YR 
5/1) mottles; weak coarse subangular blocky 
structure; friable; few fine roots in gray 
material; very strongly acid; gradual 
wavy boundary,
193-224 cm; brown (7.5YR 5/4) fine sandy
loam; common medium and coarse light gray 
(10YR 7/1) mottles of streaks and pockets of 
sand that make up 30% of the horizon, weak 
coarse subangular blocky structure, (sand is 
structureless); friable, (sand is very 
friable); very strongly acid.
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P r o f i l e  4 :  D e e r f o r d  s i l t  l o a m ;  0 t o  2 p e r c e n t  s l o p e
Classification: Albic Glossic Natraqualf; fine-silty,
mixed, thermic
Location: Franklin Parish, Louisiana; ^ 0 0 0  feet west of
Missouri Pacific Railroad, 2.5 miles 
southeast of State Highway 15 and 13 
intersection; SW h , NW h , NW h , NW h , Section 
1, T.13N, R.7E.
Parent Material: Pleistocene age loess overlying the more
clayey alluvium in low areas in the loamy 
braided-stream alluvium
Soil Drainage: somewhat poorly drained; moderately slow
permeability
Described by: C. E. Martin, B. J. Miller, and B. Fleming
Pedon Description:
Ap 0-23 cm; Dark Brown (10YR 5/4) silt loam;
weak granular structure; friable, few fine 
black and brown concentrations; pH 6.1; 
gradual irregular boundary.
E 23-38 cm; Light Brownish gray (2.5YR 6/2)
silt loam; common medium distinct yellowish 
brown (10YR 5/6) mottles; moderate medium
subangular blocky structure ; friable; common 
fine roots; few to common black and brown 
concretions; many fine random discontinuous 
tubular pores; pH 5.7; gradual irregular 
boundary.
Btl 38-53 cm; Yellowish brown (10YR 5/4) and
light brownish gray (10YR 6/2) silty clay
loam; common medium faint yellowish brown 
(10YR 5/6) mottles, weak prismatic breaking 
into weak moderate subangular blocky 
structure; friable; tongues of light brownish 
gray (2.5Y 6/2) silt loam comprising 20
percent of the horizon; pH 5.5; gradual 
irregular boundary.
Bt2 53-76 cm; Yellowish brown (10YR 5/4) silt
loam; common medium faint strong brown (7.5YR 
5/6) mottles; prismatic breaking to moderate 
medium subangular blocky structure; friable; 
many vertical seams of yellowish brown (10YR 
5/4) silt loam; common fine flattened plant 
roots along ped faces; pH 6.1; clear wavy 
boundary.
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Bt3 76-147 cm; Yellowish brown (10YR 5/6) silt
loam; common fine faint pale brown (10YR 6/3) 
mottles; weak coarse prismatic breaking to 
subangular blocky structure; discontinuous 
very dark gray (10YR 3/1) ped coatings; few 
fine roots; pH 6.6; gradual irregular 
boundary.
Bt4 147-170 cm; Yellowish brown (10YR 5/6) silt
loam; weak prismatic breaking to weak 
moderate structure; friable; many thin
discontinuous clay films on vertical faces of 
peds; yellowish brown (10YR 5/4) ped
coatings; pH 7.2; gradual irregular boundary.
Bt5 170-213 cm; Same as above except common
medium CaCO^ concretions; pH 7.9.
2Bt6 213-262 cm; Brown (10YR 5/3) loam; weak
prismatic breaking to moderate fine
subangular blocky structure; common fine and 
medium soft black bodies, common CaCCu
concretions; discontinuous tubular pores; pH 
8.6; abrupt irregular boundary.
3C1 262-300 cm; Pale brown (10YR 6/3) and
yellowish brown (10YR 5/8) fine sand; single 
grain; pH 8.5; abrupt smooth boundary.
3C2 300-312 cm; Pale brown (10YR 6/3) and
yellowish brown (10YR 5/8) fine sand; single 
grain; pH 8.5; abrupt smooth boundary.
4C1 312-315 cm; Yellowish red (5YR 5/6) silty
clay; common CaCO, concretions; pH 7.3;
abrupt smooth boundary.
5C 315-327 cm; Same as 300-312 cm except pH 8.4.
6C 327-330 cm; Same as 312-315 cm except pH 7.3.
7C 330-386 cm; Light yellowish brown (10YR 6/4)
loamy sand; single grain.
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P r o f i l e  5 : G i l b e r t  s i l t  l o a m ,  0 t o  1 p e r c e n t  s l o p e
Classification: Typic Glossaqualf, fine silty, mixed,
thermic
Location: Franklin Parish, Louisiana; 2200 feet east of 
Missouri Pacific Railroad; 1 mile west of 
Boggy Bayou; NE h ,  NE h ,  SW h , NE h , Sec 1, 
T.13.N, R.7E.
Parent material: Pleistocene age loess overlying more
clayey alluvium in low areas on the loamy 
braided stream alluvium terrace.
Soil Drainage: Poorly drained: slow permeability.






B t g 3
0-15 cm; Brown (10YR 4/3) 
medium granular structure; 
clear irregular boundary.
silt loam; weak 
friable; pH 5.1;
15-46 cm; Pale Brown (10YR 6/2) silt loam; 
common fine faint dark yellowish brown (10YR 
4/4) mottles; weak medium subangular blocky 
structure; friable; common fine random
discontinuous tubular pores; few fine black 
and brown concretions; pH 4.8; clear 
irregular boundary.
46-66 cm; Grayish Brown (2.5Y 5/2) silt loam; 
few medium distinct yellowish brown (10YR 
5/6) mottles silty clay loam; prismatic
structure; pH 4.6; clear irregular boundary.
66-102 cm: Grayish Brown (2.5YR 5/2) silty
clay loam; common fine distinct dark
yellowish brown (10YR 4/4) mottles; 
prisimatic structure; black and brown 
concretions; medium and fine CaS0^.2H20
crystals; many thin discontinuous clay films 
on vertical faces of some peds; pH 5.1, 
irregular boundary.
102-140 cm; Same as above except 
CaS0^.2H20 crystals and pH 5.3
few fine
140-173 cm; Grayish brown (2.5Y 5/2) silty
clay loam; few medium distinct yellowish 
brown (10YR 5/6) mottles; prismatic breaking 







thin discontinuous clay films on vertical 
faces of ped; common very dark gray (10YR 
3/1) stains on ped faces; pH 6.8; clear 
irregular boundary.
173-208 cm; Light brownish gray (2.5Y 6/2)
silt loam; few, medium distinct yellowish 
brown (10YR 5/6) mottles; prismatic breaking 
to moderate medium subangular blocky 
structure; many discontinuous clay films on 
vertical faces of ped; pH 7.1; clear 
irregular boundary.
208-244 cm; Grayish brown (2.5YR 5/2) silt 
clay loam; common medium distinct dark 
yellowish brown (10YR 5/6) mottles;
weak coarse subangular blocky structure; 
friable; common thin discontinuous clay films 
on vertical faces; few medium black stains; 
pH 7.4, gradual wavy boundary.
244-300 cm; Grayish Brown (2.5YR 5/2) silt 
loam; common medium distinct yellowish brown 
(10YR 5/6) mottles; weak coarse subangular
blocky structure; firm; common fine black 
stains; pH 7.8; abrupt wavy boundary.
300-358 cm; Light brownish gray (2.5Y 6/2)
silt loam; common medium distinct dark 
yellowish brown (10YR 4/4) mottles; massive; 
common medium fine concretions; common medium 
black stains; pH 8.2; abrupt wavy boundary.
358-368 cm; Light yellowish brown (10YR 6/4) 
loam; single grain; pH 8.2
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P r o f i l e  6 :  G i g g e r  s i l t  l o a m ,  1 t o  3 p e r c e n t  s l o p e .
Classification: Typic Fragiudalf; fine-silty, mixed thermic
Location: Franklin Parish, Louisiana; 150 feet east of
Turkey Creek; 200 feet west of Missouri
Pacific Railroad; NW h , NW %, SW h , NE H,, Sec
1, T.13N, R7E.
Parent Material: Peistocene age loess overlying Pleistocene
age loamy braided-stream alluvial terrace.
Soil Drainage: somewhat poorly drained; moderatley slow
permeability.
Described by: C. E. Martin, B. J. Miller, and B. Fleming
Pedon Description:
Ap 0-13 cm; Brown (10YR 4/3) silt loam, weak
medium granular structure; friable, common 
fine and medium roots; pH 5.9; abrupt wavy 
boundary.
Btl 13-43 cm; Brown (7.5YR 4/4) silt loam,
moderate medium subangular blocky structure; 
firm, many thin discontinuous clay films on 
vertical faces of peds; few black stains; 
common fine and medium roots; pH 5.4; clear 
irregular boundary.
Bt2 43-71 cm; Brown (7.5YR 4/4) silt loam;
moderate medium subangular blocky structure; 
friable, many thin nearly continuous clay 
films on vertical faces of peds; common fine 
black stains; common fine random
discontinuous tubular pores; few yellowish 
brown 10YR (5/4) silt coatings; common fine 
roots; pH 4.7; clear irregular boundary.
Bxl 71-102 cm; Brown (7.5YR 4/4) silt loam;
weak prismatic breaking to moderate
medium subangular blocky structure; firm; 
prisms separated by light brownish gray
(10YR 6/2) silt loam tongues making up 20 
percent of the horizon; few black stains; 
common fine random discontinuous tubular 










102-140 cm; Brown (7.5YR 4/4) slightly
sandier than overlying horizon; silt loam; 
weak prismatic breaking to moderate 
medium subangular blocky structure; firm; 
prisms separated by light brownish gray 
(10YR, 6/2) silt loam tongues making up 20
percent of the horizon, few black stains; 
common fine random discontinuous tubular 
pores; few fine roots; pH 4.8; clear 
irregular boundary.
140-254 cm; Brown (7.5YR 4/4) loam; moderate 
medium subangular blocky structure; friable; 
many thin discontinuos clay films on vertical 
faces of peds; few black stains; few pale
brown (10YR 6/3) silt coatings; common fine 
random discontinuous tubular pores; pH 4.8; 
wavy abrupt boundary.
254-307 cm; Brown (7.5YR 4/4) sandy clay
loam, moderate medium subangular blocky 
structure; friable; many thin patchy clay
films on vertical faces of peds; few fine and 
medium random discontinous tubular pores; 3 
to 6 cm strata of fine sand; pH 5.4; clear 
wavy boundary.
307-355 cm; Brown (7.5YR 5/4) sandy clay
loam; moderate medium subangular blocky 
structure; friable, many thin patchy clay
films; dark black stains; pale brown (10YR 
6/3) silt coatings; pH 5.6; abrupt wavy
boundary.
335-366 cm; Yellowish brown (10YR 5/4) fine 
sandy loam; common fine faint yellowish brown 
(10YR 5/6) mottles; massive; friable; pH 6.1; 
abrupt wavy boundary.
366-389 cm; Yellowish brown (10YR 5/4) very 
fine sandy loam, single grain; friable; pH 
6.4.
389-411 cm; Yellowish brown (10YR 5/4) very 
fine sandy loam; single grain; friable; pH 
5.9.
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A 0-10 29.6 62.4 8.0 5-4 5.0 4.5 4.6 2.0 0 . 3 0.9 0.0 0.4 6 .6 11.9
E 10-38 23.2 63.6 13.2 6.2 6.2 5.6 3-4 0.9 0.1 4.2 0.0 0.2 2.0 8.0
Btl 38-71 19.0 59-8 21.3 6 .9 6.8 5.0 4.4 1.4 0.1 11.4 0.0 0.4 2.0 11.9
Bt2 71-84 15-4 57.9 26.7 6.8 6.0 5-4 4.8 1.7 0.2 15.0 0.0 0.2 5-6 15.0
Bt3 84-102 13-7 54.2 32.0 6.2 5-8 4.6 5.2 2.0 0.2 16.3 0.0 0.1 4.0 17.8
BC1 102-142 16.0 54.0 30.0 6.8 3.8 4.5 5.6 2.3 0.2 16.8 0.0 0.2 3.0 18.0
BC2 142-178 18.4 55-7 26.0 6.8 5-8 4.5 6.7 3-2 0.1 14.7 0.0 0.2 4.0 17.2
BC3 178-208 22.1 47.6 30.3 7.4 7.2 6.7 11.0 4.8 0.1 12.7 0.0 0.2 3-0 18.8










IN KC1 NHjjOAc exchangeable 










A 0-8 5 0. 2 46.3 3-1 5.1 4.8 3-9 0.2 0.7 0.1 0.2 1.2 0.6 6.6 8.2
BAg 8-30 46.2 46.4 7-5 4.8 4.2 4.0 0.2 0.7 0.1 0.1 2.2 0.2 3.5 7.4
Btgl 30-58 44.0 47.3 8.7 4.9 4.0 3.8 0.6 0.2 0.1 0.1 2.8 0.5 3-5 4.6
Bt 58-102 34.5 40.5 25.1 4.3 4.0 3.5 0.2 0.1 0.1 0.2 7.7 0.4 10.6 5-1
Btg2 102-12? 33.1 42.5 24.5 5.1 4.3 3.5 3.2 2.3 0.1 3.4 5-3 0.3 8.1 11.1
B ’tg2 127-152 38.1 42.2 19.7 6.0 4.5 3.6 2.8 2.4 0.1 2.3 2.0 0.7 5.6 12.8
Btg3 152-183 40.7 40.8 18.6 5-2 4.8 3.8 3.6 2.4 0.1 4.0 0.2 0.8 2.5 10.6.
2BC 183-229 35.7 31.9 32.4 6.5 6.3 4.8 4.8 6.4 0.1 7.0 0.0 0.4 2.5 17 .6






















Ap 0-13 4-8. 8 43.3 8.1 4.9 4.5 4.0 2.0 0.9 0.2 0.2 1.6 0.4 6.1 6'. 5
Btl 13-36 34.0 43.0 22.9 ■4.5 4.0 3-7 0.1 1.4 0.1 0.3 7.7 0.3 11.1 12.9
Bt2 36-66 32 .6 39.3 26.1 4.6 4. 0 3-6 0.7 1.2 0.1 0.1 8 .5 0.9 14.2 10.9
Bt3 66-86 36.7 34.0 29.3 4.7 4.0 3-6 0.8 1.2 0.1 0.1 8.6 1.0 10.1 11 .3
2Bt4 86-117 53-3 20.4 26.3 4.0 3.6 0.2 1.2 0.1 0.2 8.9 0.2 8.6 6 .3
2BCt 117-157 68.5 15.5 16.0 5-0 4.0 3-6 0.3 1.5 0.1 0.2 5-7 0.3 12.1 13.3
2BC1 157-193 82. 3 6.1 11.6 4.8 4.0 3-7 0.2 0.9 0.1 0.3 4.6 0.6 14.2 14.0
2BC2 193-229 84. 3 4.3 11.5 4.9 4.1 3-8 4.4 0.6 0.1 0.2 4.4 0.1 5.6 15.1


























Ap 0-23 8.0 81.2 10. 2 6.1 4.8 ^•3 2.6 1.4 0.1 0 . 3 1.0 0 . 3 6.6 6.6
E 23-38 7.4 81.8 10.7 5.7 4.7 4.0 2.0 2.1 0.1 0.8 1.4 0 .3 3.6 6.8
Btl 38-53 6.8 69.0 24.2 5-5 4.8 3-9 3-4 7.7 0.2 2.0 1.4 0 .5 8.2 14.4
Bt2 53-76 11.6 65.5 23.0 6.1 5-5 4.6 4.4 10.4 0.2 4.4 0.0 0.2 5.6 18.2
Bt3 76-119 22.3 56.9 20.9 6.6 5-9 5.0 4.2 10.4 0.2 5.2 0.0 0.2 2.6 16.8
Bt3 119-147 32.7 45.2 22.1 7.2 6.3 5.7 5.4 10.4 0.2 5-0 0.0 0.2 0.0 15.4
Bt4 147-170 32.7 45.2 22.1 7.7 7.2 6.5 5-9 10.1 0.1 4.4 ■ 0.0 0.2 0.0 14.5
Bt5 170-213 21.7 56.5 21.8 7.9 7-2 7.1 6.4 10.6 0.1 4.0 0.0 0.2 0.0 15.0
2Bt6 213-262 33-1 44.0 22.9 8.6 7.9 7.7 7.4 10.0 0.1 3-9 0.0 0.2 2.6 17.8
3C1 262-287 48.7 40.4 10.9 8.7 7.9 7.4 2.6 4.2 0.1 0.6 0.0 0.2 0.5 12.6
3C2 287-312 --- --- --- 8.5 8.0 7.4 9-5 11.3 0.2 3-0 0.0 0.2 0.5 5-0
6C 327-33 --- --- --- 8.4 7.3 7.0 -- --- -- -- — -- -- ---
7C 330-386 --- --- --- 7-3 6.8 5-7 3.0 2.4 0.1 0.2 0.0 0.2 0.0 3-5
























Ap 0-15 9.8 67 .2 23.4 5.1 5.0 4.6 4.6 3.2 0 .2 0.4 1.0 0.4 9.2 12.0
E 15-^6 11.6 6 5.O 23.3 4.8 4.6 3.8 4.9 3.4 0.1 0.4 1.3 0.4 6.1 10.6
B/E 46-66 13.0 63.4 23.6 4.6 4.1 3.5 5.0 6.5 0 .2 0.4 3-7 0 .1 8.2 20.2
Btgl 66-102 11.3 58.8 30.0 5-1 *•5 3-9 5-5 7.1 0 .2 2 .6 2.1 0 . 3 8.2 19.1
Btg2 102-140 I2 .3 58.5 29.0 5-3 4.2 3.5 6 . 8 8.4 0 .2 3.2 3.2 0 . 3 6.1 19.8
Btg3 140-173 7.5 63.4 29.1 6 .8 6 .3 5-3 7.4 8.3 0 .1 4.0 0 .0 0 .1 5-1 20.5
Btg4 173-208 20.8 56.2 23.0 7.1 6 .6 5-7 8.5 8 .8 0 .2 4.0 0.0 0 .2 4.6 22.1
2Btg5 208-244 16.5 57.4 26.1 7.4 6 .6 5.0 9.^ 8.6 0 .2 4. 2 0.0 0 .2 3.6 23.4
2BC 244-300 37.7 40.9 21.4 7.8 7.4 6.4 10 .2 9.0 0 .2 4.0 0 .0 0 .2 2.0 23.8
2C1 300-358 “ —- --- --- 8.2 8.0 6.8 10.0 9.1 0.1 ^.5 0.0 0.2 0.0 23.8
























Ap O-13 7.7 78.8 13.5 5.9 5.7 5.0 3.6 3-9 0 . 2 0.1 0 . 2 0.4 6.1 10 .3
Btl 13-43 1.5 70.6 27.9 5.* 5.1 4.5 2.7 6 . 2 0 . 2 0.3 1.2 0 .6 9.2 13.8
Bt2 43-71 7.3 71.1 21.6 4.7 4.5 4.0 1.6 5.0 0.2 0.5 5.0 0.5 13.3 13.0
Bxl 71-102 4.3 76.2 19.5 4.8 4.4 4.1 1.6 5.0 0.2 0.8 4.4 0.3 10.2 13.4
2Bx2 102-140 49.3 36.8 13.9 4.6 4.3 4.0 2.5 5.9 0.2 1.2 1.7 0.5 6.6 11.32Bt3 140-254 4 3 .5 43.1 13.5 4.8 4.5 4.1 3.8 5.^ 0 .1 1.4 0.2 0.5 2.0 9.2
2Bt4 254-307 54.6 21.7 23.7 5.4 4.5 4.1 3.8 4.5 0.1 1.3 0.0 0.2 0.5 8.6
2Bt3 307-335 52.8 16.2 31.0 5.6 4.9 4.1 7.6 6.4 0.1 2.0 0.0 0.4 4.1 13.6
3C1 335-366 -------- --- --- 6.1 5.9 5-8 4.2 4.2 0.1 1.1 0.0 0.2 0.5 7.4
3C2 366-389 --- -------- -------- 6.4 6.4 5.3 4.7 4.3 0.1 1.6 0.0 0.4 0.5 8.2
4C 389-411 “---- —  —  —  — — — — — 5-9 5-8 5.6 2.0 1.9 0.1 0.6 0.0 0.4 1.5 4.6
Selected physical and chemical characteristics of the Gigger soil from Franklin Parish, Louisiana.
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APPENDIX 3
Whole-soil composition of non-exchangeable 
calcium, potassium, and sodium and pure-end 
member feldspar equivalent.
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Table 45. Whole-soil(<2.0 mm) composition of non-exchangeable Ca, K and Na and pure 
end-member feldspar mineral equivalent calculated for the Bonn, Groom, 
Mollicy, Deerford, Gilbert and Gigger soils.
Horizon
Sample
Depth Ca K Na Anorthite Orthoclase Albite Ca/K
cm .cmol(p+).kg - 1\ JT / Q
Bonn
...............
A 0 - 1 0 1 . 2 1 8.04 11.15 0 . 1 7 2 . 23 2 . 9 2 0.7E 1 0 - 3 8 2.40 5. 24 27.77 0 . 3 3 1.46 7.28 1 . 0Btl 38-71 1 . 26 6 . 8 9 2 3 . 6 0 0.18 1.92 6 . 1 9 0 . 8Bt2 71-84 1.50 7.41 36.46 0 . 2 1 2 . 0 6 9.56 0 . 8Bt3 84-102 2.76 10.24 40. 50 0 . 3 8 2 . 8  5 10*. 62 0 . 8BC1 102-142 3 . 6 0 7.13 2 2 . 37 0 . 5 0 1.98 5-87 1.3BC2 142-178 4.90 6.70 13.56 0 . 6 8 1 . 8 6 3. 56 1.7BC3 1 7 8 - 2 0 8 3 . 20 6 .44 1.28 0.45 1.79 0 . 34 2 . 2
Groom
A 0 - 8 5.30 7.85 38.91 0.74 2 . 1 9 1 0 . 20 0.7BAg 8 - 3 0 3 . 26 9.52 44 . 1 1 0.4 5 2.65 11.57 0.4Btgl 30-58 2 . 6 8 1 2 . 0 3 43. 54 0.37 3-35 11.42 0 . 3Bt 5 8 - 1 0 2 3.35 1 0 . 3 6 22.41 0.47 2 . 8 8 5 . 8 8 0.3Btg2 102-127 2.47 1 2 . 4 3 39.46 0 . 34 3.46 1 0 . 3 5 0.4B'tg2 1 2 7 - 1 5 2 3.76 14. 23 2 3 . 4 7 0 . 5 2 3.96 6 . 1 6 0.5Btg3 152-183 3.74 14.44 18.58 0 . 5 2 4.02 4. 87 0.5





Horizon Depth Ca K Na Anorthite Orthoclase Albite Ca/K
j. 1cm  cmol(p ) .kg  %
Ap 0 - 1 3 O . 9 0 8.55
Mollicy
4.17 0 . 1 3 2 . 3 8 1 . 0 9 0.3Btl 13-36 1.69 16.94 33.89 0 . 2 3 4.71 8.89 0 . 1Bt2 3 6 - 6 6 0.74 1 2 . 7 9 2 3 . 7 0 0 . 1 0 3.56 6 . 21 0 . 1Bt3 6 6 - 8 6 0.55 1 3 . 0 3 28.56 0 . 8 0 3.63 7.48 0 . 12Bt4 8 6 - 1 1 7 0 . 8 3 9.81 17.53 0 . 1 2 2.73 4.59 0 . 12BCt 117-157 0 . 6 9 8 . 23 16.07 0 . 1 0 2 . 29 4. 21 0 . 12BC1 157-193 0 . 6 8 3 . 6 8 14.42 0 . 0 9 1 . 0 2 3-78 0 . 22BC2 1 9 3 - 2 2 9 • • a s 4. 56 1 2 . 32 a • a • 1 . 2 7 3.23 0 . 2
Ap 0 - 2 3 5.82 29.13
Deerford
17.83 0.81 8 . 1 0 4.67 0 . 2E 2 3 - 3 8 5. 84- 33*84 2 0 . 24 0.81 9.41 5.30 0 . 2Btl 38-53 4.95 34.63 23.52 O . 6 9 9.63 6,16 0 . 2Bt2 53-76 5 . 6  7 36.19 2 6 . 6 2 0.79 1 0 . 0 6 6.97 0.3Bt3 76-119 9.74 3 0 . 0 2 8 7 . 1 0 1.35 8.35 2 2 . 82 0.5Bt4 119-14-7 13.25 42. 34 32.67 1.84 11.77 8.56 0.4Bt5 14-7-170 15.36 43.62 32.63 2.14 1 2 . 1 3 8.55 0.5Bt6 1 7 0 - 2 1 3 18.92 44.07 31.58 2 . 6 3 1 2 . 2 5 8 . 2 7 0 . 62Bt? 2 1 3 - 2 6 2 44-. 03 47.39 30.65 6 . 1 2 13.17 8 . 0 3 1 . 13C1 2 6 2 - 2 8 7 2 7 . 6 0 43.97 34. 34 3.84 1 2 . 22 9 . 0 0 0 . 7
Table 45. (continued).
Sample 
Horizon Depth Ca K Na Anorthite Orthoclase Albite Ca/K
cm ■ cmol( p+) . _ ___ fo.....4 1 9 9 f 1 1
Deerford
3C2 2 8 7 - 3 1 2 2 3 . 0 5 46.81 38.37 3 . 20 1 3 . 0 3 1 0 . 0 6 0.74C3 3 1 2 - 3 1 5 1 1 1 1 > 00000 1 1 1 1 9 • • • 0 0 0 0 0 0 00000 000
5C4 3 1 5 - 3 2 7 • • • • • • • ■ 0 • « • • • 0 0 0 0 0 0 0 0 0 0 00000 000
6C5 3 2 7 - 3 3 0 2 6 . 5 1 44. 27 39.87 3.69 1 2 . 3 2 10.46 0 . 87C6 3 3 0 - 3 8 6 24.09 41.75 33.61 3-35 1 1 . 6 2 8.81 0 . 6
Gilbert
Ap 0 - 1 5 5.33 41.86 24.15 0.74 1 1 . 6 5 6.33 0 . 2E 15-46 5.05 37.00 2 7 . 1 9 0.70 1 0 . 3 0 7.13 0.3E/B 46-66 4.91 36.87 25.35 0 . 6 8 1 0 . 26 6 . 6 5 0 . 3Btgl 6 6 - 1 0 2 6.18 39.26 2 3 . 7 0 0 . 8 6 10.93 6 . 22 0.3Btg2 102-140 8 . 2 3 37.64 25.13 1.14 10.48 6.59 0.4
Btg3 140-173 1 0 . 0 0 37.57 2 6 . 6 9 1.39 10.46 6 . 70 0.5Btg4 173-208 12.64 40. 31 29.48 1 . 76 1 1 . 22 7.73 0.5Btg5 208-244 13.45 3 8 . 1 2 28. 37 1.87 1 0 . 6 1 7 . 82 0.6




Horizon Depth Ca K Na Anorthite Orthoclase Albite Ca/K
— ——-
cm ..... cmol(p ).kg .....................  .%..............
Gigger
Ap 0 - 1 3 3.90 3 6 . 86 4 7 . 2 3 0.54 10.26 12.38 0.2Btl 13-4-3 3.19 41.06 55.12 0.26 11.43 14.45 0.1Bt2 4-3-71 4.45 40.47 48.04 0.62 11.26 1 2 . 6 0 0.1BX1 71-102 6. 56 4 0 . 9 0 26.99 0 . 9 0 1 1 . 3 8 7.08 0.22BX2 102-140 10.42 42.10 29.64 1.45 1 1 . 7 2 7.77 0.32BX3 140-254 12. 30 43.41 28.54 1.71 12.08 7.48 0.42BX4 2 5 4 - 3 0 7 15.92 42.84 30.74 2.21 11.95 8 . 0 6 0.52BX5 307-335 12.47 4 3 . 0 5 30.40 1..73 11.98 7.97 0.53C1 335-366 17.76 4 0 . 9 7 3^.57 2.4 7 11.40 9.07 0.53C2 366-389 12.59 38.22 26.68 1.75 10.64 7.00 0.53C3 389-411 20.89 42.74 36.92 2 . 9 0 1 1 . 9 0 9.70 0.5
APPENDIX 4
Cumulative profile distribution of Na sequentially 
extracted from four soils with distilled water 
and CaSO^- 2H2O leaching.solutions.
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Na extracted by leachate(cmol(p+) / kg soil)
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Figure 28. Cumulative profile distribution of Na sequentially extracted from Bonn soil
with distilled water.
t\>
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Figure 30. Cumulative profile distribution of Na sequentially extracted from Bonn soil
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Figure 29. Cumulative profile distribution of Na sequentially extracted from Bonn soil
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Figure 31. Cumulative profile distribution of Na sequentially extracted from Bonn soil 
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Figure 32. Cumulative profile distribution of Na sequentially extracted from Groom soil
with distilled water.
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Figure 33. Cumulative profile distribution o
with 0.007N CaSO^. 2H2O solution.
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Figure 34. Cumulative profile distribution of Na sequentially extracted from Groom soil
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Figure 35. Cumulative profile distribution of Na sequentially extracted from Groom soil
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Figure 36. Cumulative profile distribution of Na sequentially extracted from
Deerford soil with distilled water.
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Figure 37. Cumulative profile distribution of Na sequentially extracted from
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Figure 38. Cumulative profile distribution of Na sequentially extracted from
Deerford soil with 0.014N CaSO^- 2H20 solution.
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Figure 39. Cumulative profile distribution of Na sequentially extracted from
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Figure 40. Cumulative profile distribution of Na sequentially extracted form Gilbert 
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Figure 41. Cumulative profile distribution of Na sequentially extracted from Gilbert
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Figure 42. Cumulative profile distribution of Na sequentially extracted from Gilbert
soil with 0.014N CaSO^* 2H2O solution.
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Figure 43. Cumulative profile distribution of Na seqentially extracted from Gilbert
soil with 0.028N CaSO^y 2H 2O solution. 288
APPENDIX 5
Linear prediction equation of the relationships 
between calcium activity(A) in leaching 
solution and, sodium, potassium, aluminium 
and calcium activity in leachate from six soils.
Legend :
1 denotes initial four pore volumes
2 denotes intermediate pore volumes
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Figure 44. Linear prediction equations of the
relationships between Ca activity(A) in 
leaching solutions and Na activity in 
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Linear prediction equations of the relation­
ships between Ca activity(A) in leaching 
solutions and Na and Ca activity in 
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Figure 46. Linear prediction equations of the relation­
ships between Ca activity(A) in leaching 
solutions and Ca activity in leachates 
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Figure 47. Linear prediction equations of the relation­ships between Ca activity (.A) in leaching 
solutions and Al activity in leachates 






•P X  •H ^
•H























Ca activity(XI0 3) 
in leaching solution
48. Linear prediction equations of the relation­
ships between Ca activity(A) in leaching 
solutions and Na activity in leachates 
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Figure 49. Linear prediction equations of the relation­
ships between Ca activity(A) in leaching 
solutions and Na, and Ca activity in 
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Figure 50. Linear prediction equations of the relation­
ships between Ca activity(A) in leaching 
solutions and Ca activity in leachates 
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Figure 51. Linear prediction equations of the relation­
ships between Ca activity(A) in leaching 
solutions and Al activity in leachates 
from the Deerford soil.
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